THE AMERICAN 
JOURNAL PHYSIOLOGY 


VOL. 136 JULY 1942 No. 


THE EFFECTS VERATRINE UPON THE SUPERIOR CERVICAL 
GANGLION 


From the Department Physiology the Harvard Medical School 


for April 1942 


Injections veratrine result striking changes many the properties 
axons (see for references Acheson and Rosenblueth, The present study 
was carried out with the purpose comparing some properties the superior 
cervical ganglion with those axons. The assumption underlying this com- 
parison was that the properties the two structures are similar the action 
veratrine should likewise similar, least qualitatively. 

The animals used were under dial anesthesia (Ciba, 0.7 
0.75 per kgm., intraperitoneally). series observations 
ganglionic fibers the cervical sympathetic were stimulated and the electric 
responses the ganglion were recorded from one lead this structure an- 
other the crushed postganglionic fibers. other animals the responses 
the nictitating membrane were recorded upon stimulation either the 
the postganglionic still other cases both the mechanical responses 
the membrane and the electrograms (diphasic) were simultaneously 
registered when the preganglionic trunk was activated. Finally, some 
instances the preganglionic responses were observed addition those 
the ganglion, postganglionic fibers, nictitating membrane. 

The contractions the nictitating membrane were recorded isotonically 
kymograph. The eyeball was enucleated minimize disturbing movements 
due the periocular striated musculature. 

The electric responses were photographed from cathode-ray oscillograph 
after amplification. amplification was used some cases 
avoid distortion slow potential changes. other cases capacity-coupled 
amplifier was employed. 

Both for stimulation and for recording, the electrodes were chlorided silver 
wires, insulated rubber glass from surrounding tissues. From 
pairs these electrodes were placed follows: the post-ganglionic fibers 
the ganglion; the trunk, near the ganglion; the pre- 
ganglionic trunk the base the neck. The preganglionic fibers were in- 
variably cut close the thorax possible. 


Whenever elect re des were placed 
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the ganglion postganglionic fibers, the neighboring and nerves 
were cut the base the skull and stretch em. was excised. 
The stimuli were condenser discharges through thyratron. They were 
usually rendered diphasic transformer before application the nerve. 
Veratrine was injected intra-arterially. The external carotid was ligated. 
The injections were made retrogradely into the cannulated lingual artery. The 
intra-arterial injections ensured prompt delivery the drug the ganglion 


Fig. Responses the superior ganglion stimulation the preganglionic 
fibers single maximal Direet coupled this and other ganglionic 
upward excursions denote negativity the ganglion with respect the 
fibers. 

before, and after injection veratrine (0.2 mgm.). Voltage 0.1 
time calibration: 0.5 sec. 

another animal. After veratrine mgm.). Voltage time 
see. 


and minimized undesirable general ligation the external carotid 
decreased the amount veratrine which reached the nictitating membrane. 

Electric responses single shock stimulation. Under this head- 
ing will considered the action veratrine the responses preganglionic 
stimulation single maximal shocks, recorded from one lead the surface 
the ganglion another contact with crushed portion the postganglionic 
fibers. 
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The potential was measured the counter used balance 
the potential differences between the electrodes for recording with the direct- 
coupled amplifier. Its value the beginning the experiments was about 
Veratrine (0.2 mgm.) caused decrease about per cent. 

The amplitude the ganglionic spike potentials was increased moderate 
doses veratrine (0.2 mgm.). The measurements were made mainly 


Increase the positive after-potential after amplifier, 
records from the ganglion. Maximal stimulation the preganglionic fibers 

sponds mainly positive after-potential. min. after 100 min. after 
veratrine. The spike and the positive after-potential are larger than 140 min. 
after veratrine. The spike normal but the positive after-potential remains 
min. after injection veratrine (0.2 mgm.), administered immediately after The 
spike increased; the apparent decrease the positive after-potential due 
the negative after-potential, which seen grow with the suecessive shocks. 


the spikes corresponding the group elements (Bishop and Heinbecker, 
1932), which contribute the largest spike component recorded from the ganglia 
case the spike potential doubled amplitude after doses 
veratrine mgm.) caused decrease the decrease may 
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have been due block some elements (see below), rather than decrease 
the spike magnitude per element. 

Whether the spikes were greater smaller than normal after veratrine their 
rate development was slower than before administration the the 
slope the ascending branch the spike became less steep and the time 
reach the peak became longer after injections the drug. The total duration 
the spike could not judged because the presence the negative after- 
potential. 

The negative after-potential the ganglion wave Eccles, 1935b) was 
markedly increased veratrine (figs. This potential usually 
small normal ganglia, and promptly followed prominent positive after- 
potential wave Eccles, fig. With progressively increasing doses 
veratrine the residual negativity increased gradually the expense the 
positivity and could entirely mask the latter. After large doses, the peak the 
negative after-potential occurred usually some time after the peak the spike 
and could reach values high 130 per cent the spike (fig. 1C). could 
last over 

The decrease the positive after-potential after veratrine mentioned above 
might interpreted direct action the drug, rather than algebraic 
summation the two after-potentials opposite sign. This interpretation 
probably erroneous, however, for veratrine causes increase the positive 
This increase was readily seen responses obtained some time 
(30 min.) after injection veratrine. time proceeds the initially 
large negative after-potential declines and marked residual positivity appears, 
which will turn recede illustrates typical observation. 

increase the positive after-potential was also demonstrated the ef- 
fects large doses veratrine, sufficient block all responses, 
The first thing appear when the block subsided was very small spike and 
relatively large positive (fig. 2B; the spike not visible without higher 
amplification). 

The ganglionic responses became repetitive after injections even small 
doses (e.g., 0.2 mgm.). The repetitive character the discharge 
was not obvious the monophasic records with direct-coupled amplification, 
since any spikes after the first volley were masked the large residual nega- 
records with capacity-coupled amplification the repetitive- 
ness the responses was clear (fig. Repetitive postganglionic activity 
was further indicated increase the responses the nictitating membrane 
(fig. causes repetition the preganglionic fibers (fig. Such 
multiple preganglionic discharges will elicit repetitive responses from the gan- 
glion. difficult, therefore, decide whether the drug renders the cell-bodies 
the ganglion whether single preganglionic volley would 
result multiple discharge. 

Responses repetitive effects repetition the stimuli, 
rates 0.2 per sec., the ganglionic responses varied with the dose 
veratrine administered given animal. The action certain dose, how- 
ever, varied considerably for different animals. 


For this reason typical effects 
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Fig. Repetitive discharges preganglionic and postganglionic fibers response 
single shock stimulation the preganglionic nerve after veratrine mgm.). Time 
calibration: msec. 

record from the preganglionic diphasie reeord from the post 


ganglionic fibers. 


Fig. Responses the nictitating membrane. Stimulating electrodes the pre 
ganglionic (pre.) and (post.) fibers. Stimulation single 
maximal shocks. this and other records from the membrane the time signal denotes 
30-sec. intervals. 

stimulation: post., pre., post., pre., intravenous adrenaline 
tion: post., pre. intravenous injection adrenaline five minutes after 
veratrine. Stimulation: post., pre., post., pre. and and min. later, 
respectively. Adrenaline the responses the membrane had returned 
normal about min. after (0.2 mgm.) was then injeeted and this record 
stimulation (post., pre., post., pre.) was taken min. later. 


will described, instead attempting svstematize the results the basis 


the doses the drug. 
Both the ganglionic spikes and the negative after-potential showed commonly 
characteristic change amplitude upon repetitive maximal stimulation 
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rates 0.2 per see. The magnitude the potentials first decreased 
sharply and later gradually Figure illustrates example. 
shown Acheson and Rosenblueth (1941) the somatic axons the cat 
exhibit similar properties after injections veratrine. might surmised, 
therefore, that the decline followed increase the ganglionic responses could 
due corresponding changes the stimulated preganglionic fibers. This 
possibility was tested some animals stimulating the trunk 
close the ganglion and recording first from the ganglion and then from the 
cut central end the preganglionic fibers with constant frequency stimula- 
tion. Although the preganglionic nerves exhibited sometimes slight decrease, 
then increase the responses, was much smaller degree, and was not 
parallel time course, when compared with the corresponding change 
amplitude the records (ef. fig. and B). 


Fig. the amplitude the spike potential and the corre- 
sponding negative after-potential. Capacity coupled amplifier. 

ganglionic record, time calibration corresponding preganglionic responses, 
time calibration msec. 


other animak the fibers were stimulated near the cut central 
end and the record was taken from preganglionic lead close the ganglion 
such records some preganglionic components could 
clearly identified and separated from some the components. 
total lack parallelism was again seen between the changes amplitude 
these components. 

rare instances initial decrease followed later increase the ampli- 
tude the positive after-potential responses was seen after vera- 
trine. Figure illustrates the phenomenon. 

alternation the magnitude ganglionic responses successive shocks 
uniform frequeney and maximal intensity was occasionally encountered. 
The frequency most favorable for the appearance the phenomenon was about 

With certain doses veratrine and certain rates stimulation either the 
negative or, more rarely, the positive after-potentials tended increase pro- 
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gressively amplitude with repetitive stimulation. Thus, figure shown 
progressive increase the negative after-potential with successive shocks. 
general, when the negative wave was large (e.g., after large dose 
tended decrease with repetition; conversely, was relatively small (small 
dose veratrine), tended increase with repetition the stimuli. 

The increasing effect veratine the positive after-potential was obvious 
when, certain intermediate frequencies per sec.), greater than normal 
residual positivity developed; slower faster frequencies led then 
negativity, instead positivity. 

The transmission nerve impulses across the ganglionic synapses best 
judged the records the nictitating membrane. Normally the contrac- 
tions the membrane are well sustained with frequencies preganglionic 


Fig. Independence the amplitude the ganglionic and the preganglionic 
record, time calibration 


stimulation from per With higher frequen- 
cies (e.g., per the responses decline progressively (Orias, 1932). 
After injections veratrine which did not result block the transmission 
the ganglion was not significantly judged the 
responses relatively high frequencies with the normal controls, with the 
responses postganglionic stimulation the same 

Independence the several effects The action veratrine 
the spike magnitude and the negative and positive after-potentials, 
above, were independent each other. this meant that any those 
could prominent while the others were slight, that increase 
one the features could correspond decrease 

The independence could brought out means progressively increasing 
doses the drug. Thus small quantities (e.g., 0.1 mgm.) were 
injected, the first changes noted were increase the spikes and the negative 
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after-potential; repetition the responses was seen later; the characteristic 
sequence changes amplitude (decline increase) the spike 
negative after-potential with repetitive stimulation appeared only with larger 
doses than the previous; finally, very large doses led block responses. 

The changes magnitude the spike potentials with repetitive stimulation 
were not always parallel with corresponding changes the negative after- 
potential (fig. Both changes were not correlated with the amplitude 
the negative the positive after-potentials responses single shocks. 
Finally, the after-potentials themselves varied independently, indicated 
the possibility observing one increase with repetitive stimulation. 

The preganglionic and the postganglionic order evaluate some 
the effects registered the ganglion few observations were made the 
action veratrine the preganglionic and the axons. 

some experiments, already mentioned, both stimulating and recording 
were placed the preganglionic trunk. Veratrine was found 

slight increase decrease the spike potentials. markedly in- 
creased the negative after-potential. led the decrease, then 
increase responses upon repetitive stimulation relatively low frequencies. 
caused repetitive discharges response single shocks (fig. Finally, 
large concentrations abolished all the nerve responses. 

The postganglionic fibers were not studied similar manner, because the 
stretch available the neck only few millimeters long. That veratrine 
causes repetition these axons was seen, however, experiments which 
larger contractions than normal were recorded from the nictitating membrane 
response single shock maximal stimulation the postganglionic axons 
after crushing the tip the superior cervical ganglion. The contractions 
the membrane standard doses adrenaline were not greater than normal, 
thus excluding direct action veratrine the 

The rate the repetitive discharges single shocks was approximately the 
same for the preganglionic and the elements: about 300 per sec. 
the beginning the discharge. rate slower than that observed 
Acheson and Rosenblueth (1941) axons i.e., 500 650 per 

versible cancellation the responses the ganglion the nictitating membrane 
preganglionic stimulation. 

The disappearance responses was sometimes due abolition the pre- 
ganglionic nerve impulses, shown the negative records obtained from these 
fibers. Stimulation the postganglionic fibers those cases failed sometimes 
also evoke membrane responses. contractions the 
adrenaline were only slightly may inferred that 
veratrine can also abolish conduction the postganglionic axons. some 
the observations showed block the ganglion and the axons 
while the preganglionic elements were functional (fig. 7B). 

some instances (fig. and stimulation the preganglionic fibers failed 
elicit responses the membrane, caused only slight contractions, while 
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stimulation the elements evoked large responses. ob- 
servations indicate that certain doses veratrine may block only certain fibers 
(the preganglionic) the tract. 

The following interesting was frequently seen. given dose 


Block the without block the preganglionic fibers. Maximal 
stimulation the preganglionic fibers. The records are follows: mechanograms 
the nictitating membrane response stimulation the rate 0.5 per 
electrograms the superior cervical ganglion (single shock stimulation), time 
tion), time calibration msec. before min. after injection veratrine 
(0.6 mgm.). min. later; strong stimulation the fibers failed elicit 
any membrane min. later the membrane began respond and the 


veratrine stimulation the preganglionic fibers resulted large ganglionic 
responses normal lateney but failed activate the nictitating membrane 
(figs. and Application strong shocks the postganglionic fibers 
failed likewise cause contractions the membrane (fig. the 
smooth muscle the membrane was responsive was shown the 
responses brought forth intravenous injections adrenaline (fig. 8C). 
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may concluded, therefore, that veratrine may block conduction postgang 
axons without blocking the preganglionic fibers the cell-bodies thy 

observation was there any evidence block transmission 
ganglion. Failure response could always attributed block 
ganglionic the postganglionic conducting elements, both, without postulat- 
ing specific the ganglionic synapses. 


Effects 


veratrine the nictitating membrane. The experiments were 


Fig. Block the fibers without block the ganglion. 
stimulation the preganglionic fibers. 

and controls before veratrine. from the nictitating membrane and 
electrogram from the superior cervical ganglion (time and 
similar records min. after injection veratrine mgm.). 

response intravenous adrenaline (207) min. strong stimulation the 
fibers between signals min. and responses preganglionic 
stimulation min. later. 


Maximal 


planned minimize the possible action the drug the membrane, since the 
organ was meant merely indicate ganglionic all the animals 
which the membrane was used intravenous injections adrenaline were made 
before and after the administration veratrine order test the state the 
moderate doses the drug caused slight changes 
the responses adrenaline. Large doses veratrine resulted depression 
the responses the membrane from per cent less than normal 
fig. 4B, and I). 

The injections veratrine evoked transitory contraction the membrane 
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This was due stimulating action the ganglion, for 
few control experiments contractions ensued upon injecting veratrine into 


animals after removal the superior cervical ganglion. 
Discussion. The effects veratrine the ganglion. 
Table summarizes the effects veratrine axons, striated and 


the superior cervical ganglion. The only are the action the 
drug the demarcation potential. striking similarity other effects sup- 
ports the view that the conducting mechanism identical the three 
Indeed, striated muscle Rosenblueth, Wills and Hoagland (1941) came the 
that the effeets veratrine could all explained the assumption 
that the drug affeets exclusively the conducting svstem, and that was unne- 


cessary postulate any significant action the contractile 


TABLE 


The effects veratrine axons, the superior cervical ganglion and striated 


The symbols have the following meanings: s.d., small dose, and large dose 


trine; present increased; decreased; undetermined the data available. 


data for axons are from several sources; references will found Acheson and Rosenblueth 
1941); those for striated are from Rosenblueth, Wills and Hoagland (1941). 


SUPERIOR 
AXONS CERVICAL 
GANGLION 


STRIATED 
MUSCLE 


Demareation potential 


Decrease followed increase spikes and negative after- 
potential with repetitive stimulation 
Abolition response 


+ 


The study the action veratrine axons led Acheson and Rosenblueth 
(1941) the conclusion that the independent variation the demarcation and 
the spike potentials and the negative after-potential denoted independence 
only loose correlation between the processes these mani- 
festations. The present data the ganglion (figs. and support that 
clusion and lead further the inference that the positive after-potential may 
also vary independently the other signs ganglionic activity. 

The electric responses the The the superior 
ganglion have been interpreted manifestations cell-body activity 
1935a; Rosenblueth and Simeone, 1938), else have been attributed 


part the postganglionic axons (Bishop, 1936). 

The block veratrine illustrated figures and supports the view 
that the ganglion potentials are mainly not axon records 
show that the postganglionic axons the nictitating membrane, and 
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probably others supplying other structures, may totally blocked, 
electrograms from the ganglion are quite similar those obtained later, 
conduction renewed the blocked axons (ef. fig. and H). may 
inferred, therefore, that some structure the ganglion other than 
ganglionic axons vields the potential changes recorded. 

that structure the cell-body, view the inferences made section 
may further that conduction the soma neurons qualita- 
tatively similar although quantitatively different from the conduction 
takes place the corresponding axon. 

comparison transmission with conduction the ganglion. synap- 
tic transmission were process similar that conduction axons, has been 
frequently suggested, then would expected that the action veratrine 
synapses would similar that which has since synapses 
are much more sensitive the action drugs than are axons (Sherrington, 
1906), would expected that much smaller doses veratrine than those 
necessary the axons would suffice cause marked synaptic effects. 

That expectation was not fulfilled. Repetitive discharges the ganglion 
were only found when the preganglionic fibers discharged repetitively (p. 702). 
Nor was pure block absence transmission only occurred 
when the preganglionic, the postganglionic axons, both, had been 
rendered unresponsive the drug (p. 708). 

The reached, therefore, that transmission the ganglion 
clusion agreement with the recent knowledge that transmission, unlike 


SUMMARY 


The intra-arterial injections veratrine the superior cervical 
ganglion were studied eats. indicators used were the electric responses 
the ganglion and the contractions the nictitating membrane, upon stimula- 
tion the preganglionic fibers. 

After veratrine the electrograms the ganglion may exhibit increase 
the spike potentials (figs. and 2), the negative after-potential (figs. and 
7), and the positive after-potential (fig. 2). The responses single shocks 
may become repetitive (figs. and The suecessive responses series 
stimuli slow rate often decrease first and increase later (figs. and 6). 
The drug may block selectively either the preganglionic (fig. the post- 
elements (fig. may block conduction the postganglionic 
axons without impairing the responses the cell-bodies the ganglion (figs. 
and 8B, and 

comparison the veratrine axons, striated muscle, and the 
superior cervical ganglion (table reveals close parallelism that suggests 
fundamental similarity the conducting mechanism the three structures. 
Synaptic transmission the ganglion not significantly affected veratrine. 
inferred that the mechanism transmission from neuron neuron differs 
from the mechanism for conduction within neuron. 
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HYDROGENATED COTTONSEED CORN OIL, 
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From the Department Biochemistry, University Southern California Medical 
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Accepted for publication April 1942 


Adrenalectomy was shown early Verzar and Laszt (1935) result 
definite inhibition fat absorption. Opposing these early investigators the 
work Barnes, Miller and Burr (1941) who demonstrated that 
rats maintained good state health the administration salt solution, 
absorbed corn oil and its methyl esters the same rate the normal controls. 
Recently, however, Bavetta al. (1941) have reported that there decrease 
approximately per cent the rate absorption hydrogenated cotton- 
seed oil salt-treated adrenalectomized female rats compared with normals. 
was further shown that the absorption this fat could restored 
the administration cortin. Since the appearance this paper, Barnes, 
Rusoff and Burr (1942) have reported additional experiments where was 
found that emulsified hydrogenated cottonseed oil was the only fat the absorp- 
tion which was depressed following adrenalectomy. These investigators 
noted significant decrease absorption corn, olive hydrogenated cotton- 
seed oil mutton tallow resulting from ablation the appears 
unreasonable that this inhibition fat absorption would limited only 
special seemed desirable therefore investigate the problem 
still further with the hope ascertaining, possible, the reason for these 
divergent results. 

the present study have compared the absorption cotton- 
seed oil, corn oil, tributyrin and sodium normal and 
animals. 

The tests corn and hydrogenated cottonseed oils were carried 
out over hour period employed Barnes al. (1942) instead the 
hour interval which had previously used. However, since similar results 
were obtained the and hour tests, the experiments with were 
carried out only over three hour period while those with sodium butyrate were 
terminated the end minutes. The procedure employed for the study 
the absorption the neutral fats was similar that the earlier report (1941) 
while the method used the tests sodium butyrate was the same that 
Deuel al. After subtraction the value the ether- 


These data are from thesis presented Lucien Bavetta the Graduate School 
the University Southern California partial fulfilment for the degree Doctor 
Philosophy. The results were presented before the meeting the Southern California 
Section the Society for Experimental Biology and Medicine, 17, 1942 
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soluble material found the intestines control rats fasted similar period, 
the weights the fats removed from the intestine are corrected for recovery 
93.6 per cent for the hydrogenated cottonseed oil, 94.4 per cent for corn oil, 
90.2 per cent for tributyrin and 92.5 per cent for sodium butyrate. These values 
represent the average percentage each fat recovered experiments when 
known amounts the different fats were given and the gastro-intestinal 
immediately removed. 

The results are summarized table was found that the 


TABLE 


Summary table absorption hydrogenated cottonseed oil, corn oil, tributyrin, and sodium 
butyrate normal (N) and adrenalectomized (A) female rats 


NUM- BODY 


BER WEIGHT) ABSORPTION IN MGM. PER 100 TITRATION IN cc. O.1N 
SQ. CM. PER HOUR 
= | TESTS GRAMS 
a 
SERIES OF 
OIL FED ~ 
< = = 
hrs 
Hydrogenated Bavetta et al. 3 17 (31 | :117)146:36.3 + 1.0:27.6 + 1.6) 4.33 (3.0 + 0.3:7.9 4 0.2) 13.62 
cottonseed (1941 (90% (100°; 
Hydrogenated Deuel, Hall- 6 10 152 39.7 + 1.8 
cottonseed man, Leon- 
ard (1940) 
Hydrogenated Present tests 12 10 + 1.4/28.7 + 3.6) 3.65 (2.6 + 0.1/5.741.7 1.84 
cottonseed (90% 100°; 
(91% (89% 
Tributyrin Deuel, Hall 3 10 190 65.0 + 2.5 
man (1940) 
Tributyrin Present tests 3 1116) 108.117.69.1 + 3.7.65.8 + 1.8 0.6 + 0.30.5 + 0.1 
Sodium butyrate Deuel, Hall 1 1s 155 39.7 + 1.5 
man, Reif 
man (1941 
Sodium butyrate Present tests 1.5 16 14 122 103.45.0 2.642.8 + 2.3 


* Including Standard Error of Mean. 

+ Mean Difference: Standard Error of Mean Difference. The figures in parentheses are the percentage of tests of 
series having lower average which do not overlap higher average. A value of 90 per cent is considered significant 

Male rats were used 


rate absorption hydrogenated cottonseed oil based the present hour 
tests practically identical with the earlier results where the hour interval was 
Furthermore, noted that the absorption corn oil after 
adrenalectomy was inhibited the same degree that hydrogenated cotton- 
seed addition the increase the fatty acid present the gut contents 
rats fed corn oil was great those receiving hydrogenated cottonseed oil. 
the other hand decrease absorption occurred after removal the 
adrenals the case tributyrin with sodium butyrate. 

Discussion. The present experiments further support the earlier work 
Verzar and Laszt (1935) showing that the adrenal glands are involved the 
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normal absorption fat. decrease absorption hydrogenated 
seed oil after adrenalectomy was somewhat greater than noted the 
report and amounted per similar inhibition the absorption 
corn was found (35 per cent) after removal the adrenals. 

The depression absorption rate after adrenalectomy both with the hydro 
genated cottonseed and corn oils statistically significant based either 
comparison mean difference standard error mean difference 
degree overlapping. Moreover, further support the alteration fat ab- 
sorption which results after the removal the adrenals found the 
fact that marked and statistically significant increase the fatty acid content 
the gut obtains after both fats. There evidence that different factors 
control the absorption corn oil and hydrogenated cottonseed fat indicated 
Barnes al. (1942). 

Although our earlier experiments, the length the absorption period was 
shorter and the dose fat smaller than employed Barnes al. (1942), 
the present tests these procedures were identical. Somewhat different technics 
were used for recovery the unabsorbed fat from the gastrointestinal tract 
Barnes al. (1942) than employed this can not explain why 
the results these investigators normal animals are agreement with ours 
while only the values the adrenalectomized animals are not 
the normal rats the rate absorption per 100 sq. em. per hour obtained 
Barnes al. (1942) and was 39.8 mgm. and 42.8 mgm. respectively for 
hydrogenated cottonseed oil; for corn oil the values were 42.4 mgm. and 44.9 
mgm. respectively. The most probable explanation for the discrepancies that 
Barnes al. (1942) employed much larger and older rats. Their animals 
weighed somewhat over 300 grams while the average weight our rats the 
present tests approximate 110 grams. well known that the cortical defi- 
ciency much more critical younger animals. 

the other hand the absorption tributyrin and sodium butyrate were 
not influenced removal the adrenals. One must conclude from such data 
that the absorption such water-soluble acids probably does not 
require adrenal activity. 


SUMMARY 


definite inhibition the absorption both hydrogenated cottonseed and 
corn oils was noted adrenalectomized rats. Furthermore, larger amounts 
fatty acids accumulated the intestines such animals contrasted with 
the normal. This would indicate that the adrenal glands play the ab- 
sorption the longer chain fatty acids. However, the absorption tributyrin 
and sodium butyrate was unaffected adrenalectomy which suggests that 
the absorption the water soluble fatty acids probably not dependent 
adrenal activity. 
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Addendum. more recent experiments has been found that the absorption 
sodium butyrate significantly lowered adrenalectomy when the operated 
are maintained water alone rather than salt solution (as administered all other 
adrenalectomized rats used the present tests). The average value experiments 
was 33.4 mg. per 100 sq. per hr. which significantly lower than the value found 
normal animals (M.D.::S.E.M.D. However, this secondary one 
related altered salt balance with attendant hemoconcentration and concomitant 
culatory disturbances rather than direct the adrenals the absorption 
butyrie aeid. 


715 


THE PARATHYROIDS AND THE CLEARANCE 
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number investigators have suggested that the primary effect the para- 
thyroid hormone exerted upon the kidney and affects the ability the kidney 
excrete phosphate (1, 2,3). this true the parathyroidectomized dog 
the animal treated with parathyroid hormone should show changes the phos- 
phate clearance. The experiments Logan (4) show immediate increase 
the amount phosphate excreted per hour the urine after adminis- 
tration the hormone although the figures which gives are not sufficient 
calculate the clearance. 

Pitts (5) reported that the phosphate clearance function the plasma 
concentration, approaching the xylose clearance only high plasma concentra- 
tions, about mM. These xylose figures have been converted creatinine 
Smith (6) and shows that levels higher than the values for 
phosphate approach but never exceed the creatinine clearance. Pitts made the 
assumption that the serum phosphate was major part not entirely filterable 
the glomerulus. and Harrison (7) investigated this point and 
reported that 100 per cent the inorganic phosphate was filterable form 
after injection phosphate, reaching 100 per cent about hour after injection. 

the experiments reported here have made comparison the clearance 
phosphate and creatinine normal dogs, dogs after parathyroid hormone 
injections and parathvroidectomized animals. 

Female dogs were trained for clearance determinations. The 
animals were maintained diet constant composition with casein the 
protein and with adequate amounts vitamins and minerals mixture 
mono- and disodium phosphates within the range blood and usually 
molar concentration was injected into the small saphenous vein rate suffi- 
cient maintain high levels phosphate the blood during the experiment. 
After the desired level was reached was possible keep the level fairly con- 
stant for several clearante periods. Some the clearances were done after 
single large injection and falling blood concentration. Blood samples were 
removed from the jugular vein the midpoint the period more frequent 
intervals the blood concentration were changing. Creatinine was given either 
mouth before the experiment began was injected solution with the 
phosphate. 

The injection 100 200 units Parathyroid Lilly, was made 

work was partially supported grant one (M. F.) from the Com- 


mittee Scientific Research the American Medical Association. 
Now the Henry Ford Hospital, Detroit. 
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AND CLEARANCE INORGANIC PHOSPHATE 717 
test the the hormone, analyses were made 
hourly urine specimens and increase phosphate was always obtained within 
the second hour. Clearances were carried out hours more after the 
tions. few experiments the interval was prolonged hours after 
hormone administration. Clearances were determined the operated animals 
the same way. These experiments were difficult perform and was im- 
possible maintain the standard dietary regime with the parathyroidectomized 


< 
AFTER OPERATION TETANY 
AFTER OPERATION, BUT TETANY 
AFTER PARATHYROID HORMONE 


PLASMA PO4 


Fig. The non-linear correlation for the normal points was determined the method 
least squares.* All the experimental points lay within standard errors and all but 
points within standard errors the normal new calculation including all the 
determinations was made have the advantage larger number figures determining 
the line. The equation for the curve is: 

PO,: Creatinine clearance 10.580 (Plasma PO, mM) 0.546 (Plasma PO, mM)?. 
Standard error 11.05; index determination 0.77; index correlation 0.88. 


animals. The number these experiments successfully carried out not large 
but include them since spite the experimental difficulties the agreement 
with the other experiments good. 
Creatinine was determined the Folin-Wu method modified for the 
Evelyn photoelectric colorimeter. The Fiske and Subbarrow 
inorganic phosphorus was used the photoelectric modification. 
The chart shows the relationship between the phosphate: cre- 


Our thanks are due Dr. Versa Cole who made the statistical analysis for us. 
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atinine clearance ratio and the plasma phosphate concentration more than 
determinations, normal dogs, dogs after hormone administration 
and after Two the latter are animal which did 
not show any signs tetany after operation, which indicated figure 
calculating the clearance figures corrections have been made for 
phosphate assume that any error thus introduced will influence 


TABLE 
Dog 14.4 kgm. January 13, 1942; 69.6 cc. phosphate, 7.42, containing 3.6 
grams creatinine, injected during hours 


CLEARANCE 

TIME URINE PLASMA PQ, RATIO 
Creatinine Phosphate 

min c./min. mM ce. cc | 

25.6 0.98 6.0 49.7 30.2 0.61 

23.0 1.70 Sql! 53.4 40.2 | 0.75 

26.3 2.02 10.5 38.5 0.78 

20.0 2.50 10.45 54.5 43.1 0.79 


February 76.7 ec. phosphate, 7.3, containing 3.8 grams creatinine, injected during 
hour and minutes, hours after 200 units parathyroid extract 


30.0 6.59 6.94 58.1 41.2 0.71 
3.34 8.74 56.6 45.0 0.79 
21.1 2.49 9.72 56.0 44.2 0.79 
21.0 3.04 10.20 0.82 


February ec. phosphate, 7.4, containing 3.6 grams creatinine, injected during 
hour, hours and minutes after 200 units parathyroid extract 


20.0 


3.58 13.05 56.7 45.4 0.80 
20.0 2.96 12.02 0.82 


February 26; thyroids and parathyroids removed; February 28, tetany, treated with 
lactate; March 83.4 phosphate, 7.42, containing 4.17 grams creatinine, 
injected during hqur and minutes. Symptoms extreme tetany developed during the 
injection. Control Ca, 5.4 mgm.; end injection, 3.8 mgm. per 100 


20.0 2.37 
2.65 14.85 


42.5 


32.2 


36.1 


0.76 
0.82 


and experimental periods alike. 
the groups. 


significant differences can noted between 


Table gives representative protocols four experiments one dog. 
was the only animal which was used for all three types experiments, the others 
being used after hormone injections after parathyroidectomy. 

Discussion. Under our experimental conditions there apparent altera- 
tion the clearance phosphate the kidney after removal the parathyroids 
after administration parathyroid hormone. 
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The results after injection the hormone might have two explanations: 
First, that the hormone effect not exerted primarily upon the ability the 
kidney exerete phosphate; second, that injection phosphate inhibits 
hormone action upon the kidney. Neufeld and Collip (9) have shown that after 
treatment with extract normal dogs show rise serum 
during phosphate injections but that after the injection was stopped the 
did increase. Serum determinations our experiments confirmed this 
result. This raises the question whether not the effect the hormone 
exerted upon the kidney the serum cannot increase, question 
which involved with the independent action and 
phosphate ions. Tweedy (3) suggests the that they can 
dependently his report rise plasma phosphate dogs with 
complete renal insufficiency whether not had been produced 
cemia our experiments should not interfere with any influence the hormone 
upon the phosphate the kidney. 

The parathyroidectomized dogs gave results different from the other 
groups. these animals phosphate should accentuate the lack 
hormone lowering the and raising the phosphate the blood. 
effect upon the clearance ratios was observed. 


SUMMARY 


Phosphate and clearances were determined during after the intra- 
venous injection phosphate normal dogs, parathyroidectomized dogs and 
dogs after administration parathyroid extract. Under the conditions 
our experiments lack excess parathyroid hormone produced demon- 
strable upon the capacity the kidney excrete phosphate. 
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THE SALIVATORY MOTOR NUCLEI MONKEY! 


From the Institute Neurology, Northwestern University Medical School 
Accepted for publication April 13, 1942 


The somewhat similar position the Edinger-Westphal nucleus and the 
motor nucleus the vagus, the central gray matter ventral the cerebral 
aqueduct and fourth ventricle, suggests the presence the brain stem 
paramedian, general visceral motor column, which the nuclei giving rise 
the preganglionic outflows the salivary glands might logically expected 
situated (Kimmel, evidence which can interpreted 
favoring this localization that Miller (1913), who elicited salivary flow 
from paramedian stimulation the floor the fourth ventricle the decere- 
brate cat. 

The studies Kohnstamm (1902, 1903), Kohnstamm and Wolfstein (1907), 
Yagita and Hayama (1909), and Yagita (1909), based upon the examination 
central chromatolysis after peripheral nerve section, suggested, however, that the 
salivatory nuclei might located the lateral part the medulla, more rela- 
tion the special visceral efferent column (motor nuclei the fifth and seventh 
nerves and nucleus ambiguus) innervating striated musculature derived from the 
branchial arches. The results these authors have been widely accepted, but 
examination their papers reveals such disagreement regarding the type and 
location the chromatolytic cells under consideration, and such difference 
opinion concerning the crossed ipsilateral distribution their efferent fibers, 
suggest that further investigation desirable. 

The positive results obtained Miller (1913) from activating the floor 
the fourth ventricle suggested that examination the location points 
the interior the medulla yielding salivary responses discrete electrical 
stimulation might provide information which would aid identifying the 
salivatory nuclei, The excitability appropriate bulbar levels series 
monkeys was, therefore, explored with the Horsley-Clarke technique (Ranson, 
1934). The results are general agreement with those similar studies the 
‘at Chatfield (1941) and Wang (1942), which appeared after the experimental 
aspect the present investigation had been completed. 

each monkeys under chlorolosane anesthesia (65 mgm. per 
kilo) the interior the medulla was electrically stimulated systematic man- 
ner with small bipolar electrodes oriented with the horizontal electrode carrier 
the Horsley-Clarke instrument. animals, stimulation was carried out 
planes slightly oblique from the transverse, and cases sagittal planes. 
The location the points stimulated was determined examina- 
tion Weil stained serial sections through the region the brain explored. 


Aided grant from the Rockefeller Foundation. 
Medical Fellow the National Research Council. 
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MONKEY 


Stimulation was applied for second periods and consisted thyratron 
regulated condenser discharges frequency per second and intensities 

between and volts, voltages 2.5 animals), 5.5 animals) and 

animals) being throughout responsive regions. Exploration was 

confined one-half the medulla, and the parotid ducts both sides were 

cannulated the cheek and the ducts both sides the mouth, 

gauge, blunt tipped, needles. The drops saliva were observed visually 

and the time their fall moving kymograph paper with signals. 

Salivary responses. The experiments revealed responsive seg- 
ment the medulla the stimulation which readily caused saliva flow from the 
ipsilateral submaxillary and parotid glands. Responses varying magnitude 
were obtained and the case the submaxillary reactions many drops 
resulted from the second period stimulation. Secretion from the larger 
parotid gland was commonly greater and drops represented the maximal 
flow. favorable locations, sizable responses could obtained with stimulus 
intensities only volt, suggesting, analogy with data from peripheral 
nerves, that the excitation fibers was responsible, these were not the small, 
unmyelinated variety. 

The temporal course the flow from the two glands was first 
fell from the cannula seconds after commencement stimulation, the 
latency parotid flow tending shorter than that the submaxillary. 
steady rate flow might maintained during the period stimulation, 
the case some parotid responses, the flow might more rapid during the first 
half stimulation. Commonly, large responses, drops fell increasing 
intervals during period seconds after the conclusion 
The profuse flow and fluid appearance the drops suggested their elaboration 
result stimulation, and the results from animal which 
both cervical trunks were sectioned the start the experiment 
did not differ from the others. 

Distribution reactive points. excitable bulbar region 
salivary responses were obtained comprised the dorsal midline area between the 
genu the facial nerve and the rostral end the hypoglossal nucleus, and ex- 
tended laterally and ventrally through the reticular formation the lateral 
margin the medulla the levels exit the facial and glossopharyngeal 
nerves. Though overlap existed, was evident that submaxillary responses 
were obtained predominantly from the rostral portion the excitable region, 
while parotid responses were excited predominantly from the caudal part. 
general picture the extent the responsive field, seen transverse section, 
has been obtained combining the results from experiments, which explora- 


tion was conducted the planes shown figure supplemental, sagittal 


Following punctures into excitable regions, occasional single drops saliva sometimes 
fell intervals for long periods. avoid confusing these with minimal responses 


stimulation subsequent points, all single drop effects have been disregarded 
presentation. 
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view has been provided combining the results from other experiments, 
which stimulation was out the planes shown figure 

can seen that responses the ipsilateral submaxillary gland, denoted 
circles, were elicited from the dorsomedial portion the medulla the level 


Fig. Sections through left half the brain the monkey, showing the distribution 
points yielding salivary flow stimulation. Responses the ipsilateral submaxillary 
gland are solid circles, and those the ipsilateral parotid gland solid 
triangles. Contralateral effects are denoted open symbols the right. The size 
the symbol roughly proportional the volume flow. The planes are intervals 
about mm. and deviate from the transverse the extent that the ventral surface 
mm. farther rostral than the dorsal. Abbreviations are follows: abducens nucleus; 
BP, brachium pontis; corticospinal tract; DV, dorsal motor nucleus vagus; FN, 
facial nucleus; hypoglossal nucleus; JO, inferior olive; LL, lateral lemniscus; ML, 
medial lemniscus; MLF, medial longitudinal fasciculus; MV, motor fifth NV, 
nucleus spinal fifth PO, pons; RB, restiform body; SO, superior olive; SV, spinal 
fifth trapezoid body; tractus solitarius and nucleus; medial vestibular 
nucleus; motor fifth nerve; abducens nerve; facial nerve; eighth nerve; glosso- 
pharyngeal nerve. 


and behind the genu the facial nerve (fig. and fig. A), and responsive 
points were distributed from the raphé laterally and ventrally through the reticu- 
lar formation (figs. and the region exit the seventh nerve (figs. 
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Responses the ipsilateral parotid gland, denoted triangles, were obtained 
from the dorsomedial portion the medulla behind the facial genu and ahead 
the hypoglossal nucleus (fig. and fig. A), and responsive points were 
distributed from the raphé laterally and ventrally through the reticular forma- 
tion (fig. and fig. the lateral aspect the medulla the level 
the ninth nerve (fig. Here the responsive points are seen 
separated from the afferent glossopharyngeal fibers passing the tractus 
solitarius the extent the spinal fifth tract and its nucleus, and the distribu- 
tion responses suggests the presence motor root the ninth nerve located 
some distance ventral the sensory root (fig. fig. 

few responses from the contralateral salivary glands were elicited from 
dorsomedial positions the levels figure (open symbols right side). 


Fig. Sagittal sections through the brain the monkey, showing the distribution 
points yielding salivary flow stimulation. Symbols figure 


They may indicate the presence small number crossed fibers, they may 
due current spread the opposite side the medulla. 

Ipsilateral lacrimation was observed experiment from dorsomedial points 
yielding submaxillary gland responses. Mucous secretion from the ipsilateral 
half the mouth was noticed instances, but because gradual 
tion, the precise neural region responsible for its elaboration could not de- 
termined. 

does not seem possible attribute the salivary responses elicited these 
experiments the activation long pathways ascending descending through 
the brain stem, for stimuli planes mm. anterior posterior the excitable 

appears efferent glossopharyngeal rootlet can identified inspection 


the ventrolateral aspect the monkey’s medulla, and situated mm. more ventrad 
the main ninth root (see also Tarlov, 1940). 
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region with intensities high volts failed induce salivary flow. Neither 
does seem possible ascribe the reactions reflex salivary flow, resulting 
from excitation sensory roots secondary afferent systems. The repeated 
stimulation such bulbar afferents the spinal fifth tract and its nucleus, 
the tractus solitarius and its nucleus, never yielded salivary responses more 
than or, rarely, drops seconds. would appear that salivary reflexes 
were either suppressed the anesthesia (see Miller, 1913) that the intensity 
the shocks employed was too low too brief duration, activate their 
afferent fibers. 

Location the salivatory the responses elicited these experiments 
are attributed the stimulation the salivatory motor nuclei and their 
efferent root fibers, seems most likely the case, pertinent enquire 
where the excitable field the motor nuclei are located and where the efferent 
fibers. The distribution responsive points the dorsomedial portion the 
medulla can interpreted indicating that the salivatory nuclei, like the 
Edinger-Westphal nucleus and the dorsal motor nucleus the vagus, are situ- 
ated near the paramedian gray matter beneath the central ventricular 
this the case, the more lateral responses can attributed the 
activation efferent salivatory rootlets passing their exits the seventh and 
ninth nerves. seems fully possible from the present results, however, 
though not from analogy with other cranial preganglionic systems, that the 
salivatory motor nuclei might located more laterally and ventrally the 
medulla (Kohnstamm and Yagita, see above). this were the case, the presence 
the dorsomedial responses makes necessary postulate that the efferent 
salivatory fibers possess genu their passage from the medulla, analogous 
that the facial nerve. The results the present experiments not permit 
one decide which these possibilities 

Discussion. The observation Corbin, and Wigginton (1941) 
flushing, turgidity and pseudomotor contracture the tongue, with accompany- 
ing salivation and sometimes lacrimation, resulting from stimulation the 
region the intramedullary course the seventh nerve the cat, suggests that 
vasodilator and ‘possibly other parasympathetic innervation proceeds from 
central neural regions least closely.adjacent those activating salivary flow. 
The vasodilatation the pial vessels which may induced stimulating the 
facial nerve near the medulla (Forbes and Cobb, 1938) indicates that para- 
innervation the cerebral vessels proceeds from the same bulbar 
segment, and all likelihood arises from part the same collection central 
preganglionic neurons, innervating the lacrimal and salivary glands and the 
vessels the oral mucosa. 

This upper bulbar collection preganglionic neurons would appear, therefore, 


Gutierrez-Noriega (1942) has encountered salivary flow after injection metrazol 
strychnine into the vicinity the dorsal part the facial nucleus unanesthetized, 
decerebrate cats. The flow may, however, reflex one resulting from the excitant 
action the drugs the adjacent cells the nucleus the spinal fifth tract, the injection 
which more caudal levels also results salivation. 
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occupy intermediate position, both functional importance and topo- 
graphic relation, between the Edinger-Westphal nucleus, whose influence 
confined the interior the eveball, and the dorsal motor nucleus the vagus 
from which originates the parasympathetic innervation the and ab- 
dominal viscera. The designation this upper bulbar which, 
far evidence available, appears the entire in- 
nervation the head exclusive the eyeball, the nucleus would 
seem understatement its functional 


SUMMARY 


study the monkey the distribution medullary points the stimulation 
which yields salivary flow has revealed excitable region comprising the 
dorsal midline area between the genu the facial nerve and the hypoglossal 
nucleus, and extending laterally and ventrally through the reticular formation 
the exits the seventh and ninth nerves. While overlap exists, responses the 
submaxillary gland are elicited predominantly from the rostral part the ex- 
citable area and those the parotid gland from the caudal part. The reactions 
are almost entirely ipsilateral, and are ascribed the activation the salivatory 
motor nuclei and their efferent root fibers. 
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From the Laboratory Physiology, Yale University School Medicine, New Haven, Conn. 


Accepted for publication April 15, 1942 


descending limb and subsequent upward deflection the base line. 
adequate explanation for the factors entering into the formation this com- 
plex present available. 

Previous studies from this Laboratory have afforded evidence for the con- 
clusion that lead records summation electrical events from the surfaces the 
anterior left and posterior right ventricles; while lead III similarly records from 
the anterior right and posterior left ventricles would expected there- 
fore that should arise from the interaction between the anterior levocardiogram 
and the posterior dextrocardiogram. The initial portion downstroke 
and would expected derived from the electrical activity portion 
the anterior left ventricular surface; the upstroke would expected formed 
late electrical activity portion the right posterior ventricle. Likewise, 
would formed interaction initial electrical activity portion the 
surface the posterior left ventricle and late activity portion the surface 
the anterior right ventricle. this paper, report experimental verification 
these inferences origin The rarity the dog prepared for 
these experiments has prevented satisfactory study the nature 


Thirteen dogs, prepared previously described (2), were used. Three 
methods were employed, which also have been previously described; surface applications 
(2), thermal applications (3), and the study the ventricular extrasystole (4), 


RESULTS AND KCl applications. The applica- 
tion KCl the posterior surface the results the dis- 
surface the right ventricle, the downstroke greatly increased ampli- 
tude, becoming the downstroke levocardiogram while the immediate up- 
stroke which returns the base line diminishes disappears. 

Application the anterior surface the right ventricle may con- 
sidered have abolished reduced the contribution this region the 
electrocardiogram lead The disappearance the upstroke and the 
augmentation its downstroke indicates that the dextrocardiogram from the 
anterior right ventricle was responsible for the termination the downstroke 
and for its return the isoelectric line. 

The disappearance the downstroke when the posterior levocardiogram 

grant from the Fluid Research Funds, Yale University School 


Medicine. 
Fellow the Dazian Foundation. 
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surface right ventricle. Downstroke Sis extended, with disappearance its 
Dog. Control, lead IIT with extrasystole elicited from point 1.0 em. left 
the midway between base and well normal com- 
down stroke and disappearance upstroke extrasystole and normal 
Dog. 5/23/41. 8.1 kgm. Control, lead Cooling left posterior and 
warming (48°C) right anterior surfaces ventricles. Increase and decrease 
Warming posterior left and cooling anterior right and consider- 
able increase Consistent wave changes. 

Dog, kgm. Control, lead elicited from point 
1.0 em. left anterior septum, showing prominent and small Heating right 
anterior cooling the left posterior increased and Warming 
the left posterior and cooling the right anterior ventricles. greatly Con 
sistent wave changes. Consistent alterations the normal complexes. 
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was abolished diminished potassium application, supports the view that 

The influence heating and cooling the ventricles. Further proof that 
formed the interaction posterior levocardiogram and anterior dextro- 
derived from heating and cooling these surfaces. Heating the 
anterior surface the right ventricle and cooling the posterior surface the left 
ventricle, should make that part the right ventricle responsible for the upstroke 
discharge earlier with respect the left ventricle and decrease 
tude Conversely cooling the anterior right ventricle and heating the 
posterior should make that part the right ventricle responsible 
for the upstroke discharge later with respect the posterior left ventricle 
and increase the amplitude Experimental results fully confirmed these 
inferences; heating the anterior right ventricle and cooling the posterior left 
ventricle reduced the amplitude while cooling the anterior right ventricle 
and heating the posterior left ventricle increased (fig. and 3). 

the anterior septal shows initial down- 
stroke lead and initial upstroke lead initial portion ex- 
from the center the left ventricle downward both leads 
from points intermediate between the above regions 
show transitional stages lead originating just the left 
the anterior septum the main initial deflection remains upright, but small 
wave corresponding the point stimulation moved further 
the left toward the center the left ventricle, the S-like portion increases, and 
the diminishes, until finally the alone remains (fig. 2). 

This graded increase the amplitude the depends upon 
increase distance the point stimulation from the anterior right ventricle, 
and may presumed the result increasing delay the excitation the 
anterior right ventricle with respect the posterior left ventricle. When the 
point stimulation the anterior septum must presumed that the 
anterior right ventricle begins discharge before the posterior left ventricle, and 
that activation the anterior right ventricle completed before that the 
posterior left ventricle. 

When wave found extrasystoles elicited from points the left the 
septum, the anterior right ventricle must still begin discharge advance 
the posterior left ventricle, giving the initial wave. The posterior left ven- 
tricle is, however, excited relatively sooner the point stimulation moved 
the left, terminating sooner, and decreasing its amplitude 
citation the left ventricle completed while some the anterior right ven- 
tricle remains discharged, giving rise the downstroke and finally, 
discharge regions the right ventricle terminates and restores isoelectricity. 

This analysis the extrasystole identical with the explanation given for 
normal complex. the extrasystole should therefore respond does 
the normal potassium application and heat and Figure and 
show that this the B2, shows the abolition lead IIT 
the extrasystole the application the posterior surface the left 
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figure the downstroke extended, and the upstroke 
application the anterior surface the right ventricle. 
The complex lead the extrasystole also decreased heating the 
anterior surface the right ventricle and cooling the posterior surface the left 
ventricle (fig. D2) and increased heating the posterior surface the left 
ventricle and cooling the anterior surface the right ventricle (fig. 

For the development wave lead necessary that the posterior 
should have attained its maximum development before the 


stimulation point the anterior septum midway between apex and initial 
downward lead and upward lead Extrasystoles from point 
the left ventricle 0.75 em. the left the anterior septum. lead the complex 
essentially lead the complex diminished amplitude, and 
appears. Extrasystoles from point 1.5 em. from anterior septum. Lead 
changed. Decline amplitude and the Extrasystoles from the 
center the left Lead lead has disappeared and the 


anterior dextrocardiogram has done so. The preponderance posterior levo- 
will then cause deviation below the line the down- 
stroke When finally the right ventricle fully activated, isopotentiality 
restored and the upstroke This postulated retardation final 
activation portions anterior right ventricle consistent with reports (5) 
that region the right ventricle over the conus the portion the 
ventricular surfaces receive its excitatory stimulus. 

was found only one experiment this that experiment its 
amplitude was increased warming the anterior surface the left ventricle and 
decreased warming the posterior surface the right one other 
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experiment was possible elicit extrasystole showing stimulation 
point the posterior surface the left ventricle. this extrasystole 
was abolished the anterior surface the left ventricle. 
These two observations are consistent with the theory expressed the introduc- 
tion regarding the factors concerned with the formation 


CONCLUSIONS 


The downstroke develops with the complete activation the posterior 
surface the left ventricle while portion the anterior surface the right 
ventricle not vet active. 

The upstroke when the remainder the anterior surface the 
right ventricle becomes active and restores isopotentiality. 

The same sequence ventricular excitation explains the presence 
the ventricular extrasystole. 

probably arises from similar sequence excitation the anterior left 
right 
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SPECIFICITY THE RENIN-HYPERTENSINOGEN REACTION 


JOHN BEAN 


From the Instituto Fisiologia, Buenos Aires, and Department Physiology, 
University Michigan, Ann Arbor 


for publication April 16, 1942 


The volume experimental evidence which has accumulated within the 
last few years (Goldblatt al., 1934; Dicker, 1937; Goldblatt, 1937; Houssay 
and Fasciolo, 1937; Page, 1939, and ethers) has established beyond peradventure 
that renal hypertension —at least the experimental animal— causally related 
some substance which reaches the general circulation through the venous 
drainage the kidneys. This pressor influence the venous blood draining 
from chronically acutely ischemic kidneys, particularly well demonstrated 
acute kidney graft experiments Houssay and Fasciolo (1937), has been gener- 
ally attributed involvement renin, first found and studied kidney 
extracts Tigerstedt (1897) and Tigerstedt and Bergmann work 
Braun-Menendez al. (1939, 1940), al. (1939, 1940) and Page and 
Helmer (1940a) indicates that this pressor effect venous blood from the 
ischemic kidney not due direct action the renin the blood vessels. 
The Buenos Aires group believes the pressor effect due 
product the interaction the enzyme renin with substrate (blood globulins, 
Page and Helmer (1940a). But while these authors spoke 
“enzyme nature renin some time ago Helmer and Page, 
1938) they are not yet convinced the verity the enzyme-substrate 
and maintain that angiotonin 
(hypertensin) causes vasoconstriction pressor action until further 
modified ‘‘angiotonin give angiotonin” the ultimate 
vaso-constrictor substance (Page and Helmer, 1940b). The renin activator 
(hypertensinogen) reported (Page, Knapp and Andrus, 1941) 
having its origin the liver. 

The enzymatic action renin blood globulins (hypertensinogen) with the 
resultant formation hypertensin takes place not only vivo but also vitro 
renin with blood plasma 37°C (Braun-Menendez al., 1940). 
hypertensive substance thus formed vitro may very readily determined 
quantitatively its action the blood pressure test animal. vitro 
technique provides convenient and sensitive quantitative method for the 
estimation renin the tissue solution question. But the renin and 
plasma used such vitro vivo tests for renin cannot chosen random, 
for has been found that while renin from one mammal reacts with the blood 
globulins another give hypertensin this same renin may fail react either 
vivo vitro with the blood globulins some other mammal; thus, renin 
prepared from the pig’s kidney was found produce. hypertensin when mixed 
731 
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with plasma pig, ox, horse and dog but failed produce hypertensin 
mixed with human plasma. Yet renin prepared from human kidney produced 
hypertensin when mixed with plasma from each the mammals mentioned 
(Battro al., 1940; Fasciolo al., would appear then that there 
something the nature specificity the renin-hypertensinogen reaction. 
Just why preparations from two different species the same class, e.g., mam- 
malia-pig renin and human renin specificity whereas similar 
preparations from two others may fail exhibit such specificity, e.g., dolphin 
renin and dog plasma al., difficult explain. There 
may course some correlation between the occurrence renin specificity 
and the taxonomic position the various forms but until much more data 
hand very inclusive conclusions this point can reached. was with 
the hope uncovering additional information concerning this specificity and 
some related problems that the study herein reported was undertaken. 

PREPARATIONS AND PROCEDURES. The kidney extracts, i.e., the renin solu- 
tions, and the plasma (hypertensinogen) solutions used these experiments 
were prepared described earlier (Braun-Menendez al., 
from the dog, pig, ox, sheep, duck (Brevorrtia Cuvier), chicken, toad 
(Bufo arenarum Hensel), fish (elasmobranchii), and man were employed. 

vivo tests. One series tests determine whether the various renins would 
react with plasma from the different sources was carried out the vivo 
method, viz., the direct intravenous injection the kidney extract into anes- 
thetized dog. Except for the control injection physiological solution, 
each injection cc. contained the extract from grams kidney. The 
injection chicken kidney extract failed alter the blood pressure appreciably 
the test animal. similar injection pig renin, however, induced the gradual 
rise blood pressure typical renin. Extract from the toad kidney injected 
into fresh test animal failed produce any alteration the blood pressure but 
the injection extract from sheep kidney resulted rise pressure despite 
initial drop which doubt was occasioned the presence some toxic 
substance. 

The fish kidney extracts were obtained from kidneys recently caught 
young shark about kgm. each. Renin has been found dolphin kidneys 
hours after their removal and transportation over great distances 
al., 1940). Moreover, the proximity our laboratory the source our 
material caught net for these purposes short time previously and brought 
directly the laboratory the winter season would seem provide adequate 
assurance the freshness the tissue. Because the kidneys these elasmo- 
branch fish are some degree divisible into two parts, one which pre- 
dominantly tubular make-up, and the other predominantly glomerular 
structure, separate extract was prepared from each these two portions 
the kidneys. was hoped that renin present these kidneys might 
demonstrable different concentrations the tubular the glomerular 
portions. But was found that while the reaction the injection the 
extracts from the tubular and the glomerular portions were not exactly identica’ 
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every detail, neither the extracts elicited any response the blood pressure 
the test dog which could interpreted pressor reaction renin. 
results the intravenous injections the various kidney extracts the blood 


pressure the test dog are included table 
addition these vivo experiments which the dog was used test 
animal, further vivo tests were carried out which graphic tracings blood 


pressure were made from the duck, chicken (urethane anesthesia), snake (Ophis 
Wagler, Xenodon merremii) and toad (anesthetized ether bulbar 


TABLE 


vivo tests 


RECIPIENT OF RENIN BLOOD PRESSURE RE- 
INJECTION SPONSE IN) RECIPIENT 


SOURCE OF RENIN (KIDNEY EXTRACT 


Toad Dog change 


Fish 
Glomerular portion Dog change 
Tubular portion Dog change 
Sheep Dog Increase 
Chicken Dog change 


Pig Dog Increase 


Toad 


Fish Snake 

Pig Chicken 

Dog Toad 


Human) 


Increase 


Chicken 


Juck crease 

change 
Snake change 


change* 


Pig Human 


Turnoff, and Rowntree, 1941; Fasciolo al., 1940; Battro al., 1940. 


pithing) determine the effect, any, intravenous injection renin prepara- 
tions known from chicken, fish and toad. None the mammalian 
renin preparations the poikilotherm kidney extracts elicited 
response the duck, chicken, snake chicken kidney extract, how- 
ever, elicited well pronounced pressor reaction when injected into the chicken 
shown figure 1C, and somewhat smaller pressor response the duck but 


none the snake toad. 
The fact that chicken renin injected into causes blood 
pressure justifies the conclusion that the chicken possesses hypertensinogen and 
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forms hypertensin. This, taken with the finding that chicken renin fails 
elicit any pressor action the mammal and that mammalian renin fails elicit 
any pressor response the chicken, indicates the existence renin specificity. 
But attempting explain the failure the poikilotherms respond any 
the renin injections there is, addition the possibility renin specificity, the 
factor body temperature taken into account. The low body temperature 
itself might conceivably stop the interaction renin and hypertensinogen even 
though there were renin specificity. 


Fig. Persistent pressor action hypertensin the toad. Arrow couplets mark> 
(1) (abdominal view) Ringer solution; (2) 0.5 ee. hypertensin with 0.5 
Ringer; (3) repetition Note Seale millimeters Hg. 

Quantitative response chicken hypertensin injection and absence tachy- 
phylaxis. Arrow couplets mark successive injections 1.5, 0.5, 0.25 units hypertensin 
equal volumes. ‘Time minutes. 

Pressor response chicken chicken renin and tachyphylaxis renin. Arrow 
couplets mark (1) Ringer solution; (2) chicken renin; (3) repetition (2). 

First couplet, injection vitro preparation from toad kidney and 
toad plasma (control incubation); second, injection vitro preparation after 
incubation injection 0.5 hypertensin and 0.5 ce. Ringer solution. 
Note the double optima frequently observed these preparations. 

Effeet the first, sixth and eleventh injections respectively 0.5 ec. hyper- 
tensin into the chicken minute intervals; blood pressure millimeters Hg, time 
minutes. 


order the possibility that such temperature factor might 
operating, number blood pressure tracings were obtained from toads whose 
body temperature had previously been raised 27°C water bath and main- 
tained this temperature throughout the test warming plate. But the 
effects recorded from these warmed toads were essentially the same those ob- 
tained from the unwarmed animals. temperatures higher than 27° the toads 
usually early the experiment. The data from this series tests 
are included table 
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vitro vitro method preparing hypertensin particularly ad- 
vantageous the study specificity, not only because its convenience and the 
possibility completely eliminating the factor low body temperature deal- 
ing with poikilotherms but also because its greater sensitivity, being possible 
detect renin quantities 100 times smaller than the direct injection 
method al., 1940; Leloir al., use the vitro method 
should therefore diminjsh the possibility that failure renin-hypertensinogen 


TABLE 
vitro tests 


KIDNEY EXTRACT PLASMA (ave - BLOOD PRESSURE KIDNEY EXTRACT PLASMA (HYPER- BLOOD PRESSURE 
RENIN) TENSINOGEN) REACTION IN DOG (RENIN TENSINOGEN) REACTION IN DOG 
Toad Toad Pig Chicken change 
Fish Toad change 
Chicken change Horse* Increase 
Dog Pig* Increase 
Ox* Increase 
change 
Dog* Increase 
Fish Fish Sheep Chicken change 
Tubular and Toad Increase 
Toad Dog* 
Fish Pig* 
Human* 
Oxt Increase 
Dogt Increase 
change 


Fasciolo al., 1940. 
Braun-Menendez (personal communication). 


reaction might due weak concentration renin any the kidneys 
employed. 

series experiments using the vitro method was therefore carried out 
which the kidney extracts from the various sources were incubated 37° with 
the different blood plasmas and the presence hypertensin the final prepara- 
tions tested for their injection into anesthetized dog. The blood pressure 
response each these injections indicated table Chicken kidney ex- 
tract produced hypertensin only when reacting with chicken and duck plasmas 
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(fig. But none the renins kidney extracts other animals studied 
reacted positively with chicken plasma. kidney extract not only failed 
react with plasma any other animal but, what perhaps greater interest, 
failed react with its own 

The absence any pressor action the dog the injection toad kidney 
extract might (taken itself) interpreted due specificity the toad 
renin just the case with the chicken renin; but before such explanation 
can accepted one must certain that the injected extract contains renin. 
present there absolutely reliable and universal test for the presence renin 
kidney extracts; but the vitro method preparation hypertensin from the 
kidney extract and blood plasma from the same animal should, since eliminates 
the possibility non reactions arising from the factors low body temperature 
and specificity between different animals, provide very close approximation 
such then toad kidney extract does contain renin, would reason- 
able assume that should react with toad plasma give hypertensin which 
when injected into the dog test animal should elicit typical pressor response. 
Yet none the many attempts produce hypertensin from toad kidney ex- 
tract and toad plasma the vitro method was there any indication hyper- 
tensin the final preparation. The most probable explanation for such failure 
formation would seem that toad kidney extract does not 
contain renin. Yet one must admit other possible, though perhaps less likely, 
explanations, e.g., absence hypertensinogen; the presence toad blood 
some substance which prevents the interaction renin with the hypertensin 
precursor; exceedingly active hypertensinase which destroys hypertensin 
before has had time become effective the blood vessel walls. addition 
these there the further hypothetical possibility that the toad renin—if there 
such—and the blood (hypertensinogen) have very sharp mutual 
specificity and that the product their interaction substance somewhat 
different from hypertensin that possessed specificity for the smooth 
muscle the toad vascular system and fails induce any pressor the 
dog. The validity the last two these hypothetical possibilities was put 
experimental that one involving exceedingly rapid destructive action 
toad hypertensinase has been excluded possibility the evidence from ex- 
periments toad hypertensinase presented farther along this report; and that 
one based possibly sharp specificity some unknown pressor substance for 
toad smooth muscle was investigated number experiments which the 
preparation obtained from vitro incubation toad kidney extract with toad 
plasma was injected intravenously into toads normal body temperature and 
temperature artificially elevated 27°C. alteration the blood pressure 
which justify the that there neither hypertensin 
nor any other pressor substance possessed some peculiar specificity for toad 
smooth muscle formed the interaction toad kidney extract and toad plasma. 

While cannot denied that either hypertensinogen renin 
both may lacking the toad that toad blood contains some substance which 
prevents the interaction renin with hypertensinogen, perhaps the most probable 
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explanation for the absence hypertensin formation the toad absence 
renin. interpretation finds support the experimental observation that 
artificially induced ischemia frog does not influence the frog’s blood 
pressure (Vogt, 1941). 

The persistent action hypertensin mammals such the 
dog the typical pressor response single intravenous injection standard 
solution hypertensin rapid its onset, the gradient sharp duration 
relatively short. The pressor response similar doses injected into the 
was found identical with that the mammal, not only the 
rapidity onset but also its gradient, duration, and its striking quantitative 
nature. The latter feature especially well illustrated figure 1B. Such 
proportional responses would justify the use the chicken test and 
assay preparation for the quantitative determination 

the toad (fig. 1A) and snake, however, the pressor response hypertensin 
was different; the gradient was low, there was very pronounced persistence 
the pressor effect and with the larger doses—the curves 
presented two optima (fig. slow circulatory rate and the sluggish 
response smooth muscle the lower body temperature these poikilotherms 
doubt contributed the occurrence these differences but such cannot 
the complete explanation; the persistent pressor effect might very well due 
slow removal hypertensin from the blood the poikilotherms. the mam- 
mal hypertensin destroyed its action nullified enzyme substance 
hypertensinase al., 1940) that the relatively short duration the 
pressor effect single injection hypertensin into mammal chicken 
all probability due rapid removal hypertensin from the blood largely 
rapid destructive action hypertensinase. the other hand, the prolonged 
and persistent pressor action similar dose hypertensin the toad snake, 
described above, might well due either complete absence hyperten- 
sinase these forms or, present, sharp retardation its destructive 
action consequence the low body temperature these animals. Such 
retardation together with the sluggish circulation and smooth muscle response 
these temperatures could well account for the persistent pressor effect hyper- 
tensin. 

Hypertensinase present extracts from mammalian tissues such liver and 
spleen and also found blood plasma and hemolyzed red blood cells 
al., 1940). present the toad should readily demonstrable 
some these same tissues. Tests for the presence hypertensinase the toad 
were made toad plasma: ec. plasma was added buffered solu- 
tion hypertensin, made ec. hypertensin standard, 0.5 ec. phosphate 
buffer, 0.2 merthiolate, and 7.3 ec. water, and the mixture incubated 
37°C for hours. was then boiled for minutes. control solution was 
prepared mixing ce. toad plasma with the buffered hypertensin 
solution after which was immediately boiled for minutes prevent any 
destruction hypertensin the hypertensinase such should 

the same manner solutions were prepared using solution hemolyzed 
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red blood cells centrifuged red blood cells hemolyzed distilled 
water) place the plasma. After cooling these incubated test and the non- 
incubated control solutions, they were injected into the dog test animal. The 
injection control solutions both the plasma and red blood cells evoked rise 
blood pressure characteristic ce. hypertensin standard; the incubated 
test solutions evoked change whatsoever. concluded, therefore, 
that toad plasma and toad red blood cells contain the hypertensin destroying 
enzyme hypertensinase. 

This demonstration the existence hypertensinase the blood the toad 
dismisses the possibility that the prolonged and persistent action hypertensin 
injected into the toad might due the absence this hypertensin destroying 
substance. There remains the question whether the persistence the pressor 
response hypertensin poikilotherms might not due slowed destruc- 
tion the hypertensin hypertensinase the lower body temperature these 
animals. order answer this query, the experiments toad plasma and 
hemolyzed red blood cells described above were repeated except that the incuba- 
tion the test solutions was carried out 18°C rather than 37.5°C. The 
injection these test solutions evoked blood pressure rise practically identical 
with that their non-incubated controls. concluded, therefore, that 
hypertensinase toad plasma and red blood cells almost 
activated temperatures low 18°C and that the persistence the hyper- 
tensin pressor effect poikilotherms due for the most part the inactivation 
hypertinase the low body temperature which these tests approxi- 
mated 15°C. 

The pronounced effect temperature this lower level seemed warrant 
study the temperature the hypertensin-hypertensinase reaction 
over wider range. The results such additional temperature studies are sum- 
marized graphically figure where temperature has been plotted against the 
amount hypertensin (in terms unit standard) remaining the solution 


question after hours incubation with hypertensinase the various tem-. 


peratures. The destructive action hypertensinase bears inverse relation 


the curves the figure that where there has been little hypertensinase 


activity the amount hypertensin remaining, i.e., indicated the pressor 
response, high. curves show that for temperatures below 15°C, the 
hypertensinase both the dog and the toad completely inactivated and that 
for temperatures above 20°C the activity sharply increased optimum 
about 40°C. The finding that the toad hypertensinase-temperature activity 
curve essentially similar that for dog hypertensinase dismisses the possibility 
mentioned earlier this report, that the absence any pressor response the 
toad the injection toad kidney extract could due some peculiarly rapid 
action toad hypertensinase. Since the curves for hypertensinase from bovine 
and human plasmas shown this figure summarize limited number tests they 
are regarded only tentative and await further verification. 
Tachyphylaxis. generally agreed that renin induces tachyphylaxis, i.e., 
administration renin renders that animal less responsive successive doses. 
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There however lack agreement concerning the question whether hyper- 
tensin induces similar tachyphylaxis. has been reported that hypertensin 
(angiotonin) does induce tachyphylaxis (Herrick al., 1941) and there offered 
production (Page and Helmer, 1940b). the 
other hand the fact that anesthetized test dogs, such are used the assay 
hypertensin preparations, consistently show significant diminution their 
pressor response hypertensin injections even after many and 
administrations, would seem constitute abundant evidence that 
tensin does not produce tachyphylaxis the dog any significant degree. 


YPERTENSIN UNITS 
/ 


/ 
/ 


/ 


TEMPERATURE 


Fig. Hypertensinase activity determined from the amount (units) hypertensin 
left the solution after hours incubation the various temperatures with hypertensinase. 


the chicken, too, there demonstrable absence hypertensin tachyphy- 
laxis. This shown figure 1E, where the blood pressure response the 
eleventh injection hypertensin standard was actually trifle greater 
than was the response the first injection. the other hand, the pressor 
response successive injections renin quite different; injections renin into 
the chicken induce pronounced tachyphylactic state shown figure 1C, 
where the second injection chicken renin into chicken failed elicit any 
pressor response although the response the first injection was well marked. 
this reaction renin, the chicken agreement with the 
renin tachyphylaxis which occurs the dog. 

Turning now the question tachyphylaxis poikilotherms, the evidence 
from the perfusion the preparation (Braun-Menendez 
al., 1940) would seem justify the interpretation that hypertensin does not 
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induce tachyphylaxis the toad. However view the possibility that the 
conditions obtaining perfusion preparations and the intact circulated 
might not directly comparable was thought advisable investigate the 
question hypertensin tachyphylaxis the toad direct recording the 
blood pressure response hypertensin injected into the abdominal vein 
pithed ether anesthetized toads. From these experiments was found, with- 
out exception, that the pressor effect hypertensin diminished with each suc- 
ceeding administration until eventually pressor response could elicited. 
figure shown the pressor response the toad successive injections 
0.5 hypertensin into the abdominal vein. The first resulted 
nounced rise pressure; the second injection was without effect and illustrates 
rapid onset hypertensin tachyphylaxis. The records blood pressure taken 
from the ascending aorta the snake likewise show the phenomenon tachy- 
phylaxis standard hypertensin. The occurrence hypertensin tachyphylaxis 
the poikilotherms tested may closely related the lack complete renin- 
hypertensinogen-hypertensin these forms; perhaps the persistent 
action the injected hypertensin result retarded hypertensinase activity 
contributing factor. any case this tachyphylaxis hypertensin the 
poikilotherms more pronounced with the larger doses. Why hypertensin 
tachyphylaxis should absent the preparation the 
one hand and present the normal blood circulated toad the other difficult 
explain number the differences between con- 
ditions obtaining the two techniques might involved, e.g., continuous 
washing the blood vessels fresh perfusate the Liwen-Trendelenberg 
preparation compared with uninterrupted re-circulation blood the 
circulated animal may contribute some essential factor the occurrence 
hypertensin tachyphylaxis the toad. 


SUMMARY 

The question the specificity renin was investigated the vivo (direct 
intravenous injection kidney extract into test animal) and the vitro 
(intravenous injection extract kidney extract incubated with 
hypertensinogen) methods. 

Kidney extracts from the sheep, ox, dog, pig, chicken, shark, toad and plasma 
preparations (hypertensinogen) from ox, dog, chicken, shark, toad and man were 
employed. 

The tests the various kidney extracts and hypertensin solutions prepared 
the vitro method were carried out continuous arterial blood pressure record- 
ings dogs, chickens, ducks, toads and snakes. 

The specificity renin, which manifest failure the renin react with 
hypertensinogen from another source, was demonstrated number verte- 
brates mammalian, avian, amphibian, reptilian and fish forms. This speci- 
ficity, which has been found exist between the classes studied, has also been 
found between some individuals within class, mammals. Mammalian 
renin such from the pig does not react positively with hypertensinogen from 
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the chicken, duck, toad, snake shark, and chicken renin does not react posi- 
tively with hypertensinogen from any the mammals studied. Toad kidney 
extract injected into toad normal artificially elevated body temperature 
fails elicit any pressor response. vitro preparations from the incubation 
toad kidney extract with toad plasma fails elicit any pressor response when 
injected either into the toad not formed the toad, and 
all probability none the poikilotherms, due absence some essential 
part, all, the renin-hypertensinogen-hypertensin system. The most likely 
missing link would appear renin. 

Hypertensinase, the hypertensin destroying enzyme, present toad plasma, 
optimum temperature 40°C. The température-activity curve for hyper- 
tensinase dog blood conforms essentially with that toad hypertensinase. 

The persistence the pressor effect single injection hypertensin into 
poikilotherms such the toad and snake due largely the long life hyper- 
tensin the circulation these forms. This prolongation results from the 
retardation the destructive action hypertensinase the low body tempera- 
ture these animals. contrast the chicken and mammal, the toad and 
snake are rapidly rendered tachyphylactic hypertensin hypertensin 
tions into the blood stream. 

The chicken shows significant tachyphylaxis injections hypertensin, 
but does exhibit pronounced tachyphylactie response renin. behavior 
this respect similar that the dog which commonly shows 
laxis after many injections hypertensin. 

The quantitative pressor response the chicken hypertensin such 
warrant the use the chicken assay procedures. 
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From the Department Physiology, University Maryland School Medicine, Baltimore 


Accepted for April 18, 1942 


Gilson and Mills (1940) have demonstrated that diserete volitional effort, 
sufficiently slight and brief, may result single response the motor unit near 
the recording also state that: quicker movements 
cause the appearance double spikes due either repetitive discharge the 
original unit, the introduction potentials from nearby motor unit 


which had previously been 
The present authors have confirmed the observation that slight movements 


may involve single discharge single motor response 


somewhat stronger twitches the subject the present paper. 
Needle the tips were used lead off from 
various muscles the arm hand. The needles were thrust through the skin 
over the muscle from mm. apart, sharp localization not being necessary. 
Action potentials were led off through four-stage amplifier 
having time constant 0.16 see., and recorded from Braun tube. 


facilitate recording, the early portion the action potential was used key 


off the sweep 

during brief volitional were studied six adult sub- 
jects abductor pollicis brevis, flexor sublimis digitorum, 
brachii, flexor radialis, and extensor digitorum 

The simplest and smallest response observed was single discharge 
single motor unit (fig. and B), identified its constant form and its ap- 
pearance records sustained However, spite the 


effort repeat the same and degree the responding unit was not 


the example, one experiment any one three different 


units might respond with single discharge. 
Slightly stronger efforts were found involve, not double repetitive dis- 
charges single unit, but either overlapping discharges two more units, 


Strong effort likewise gave rise these discharges, 
ten more times the amplitude single motor unit potential, were observed. 
the other hand, response might single motor unit, followed 
complex large twitch response was never observed consist 
burst discharges from single motor unit. Nonetheless might 


repeat once more response involving other urits (fig. and 


Double discharges single unit were occasionally seen, but only with 
the same time order (about 100 msec.) that repetitive discharges 
during sustained contraction With effort prolong slight 
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was found possible repeat such double responses time after time. 
double discharges very short interval were never seen some two hundre: 
cathode-ray oscillograms. 


one subject, 314 twitch electromyograms degrees tension 


recorded with the ink-writing oscillograph. Only these appeared 


Fig. from abductor pollicis, brief volitional twitches, subject 
Rising phase first spike used key off sweep circuit. 
threshold units sustained contraction. 


third unit Large spikes variable amplitude, attributed several motor 
units firing (t) Time, msec. 


Motor units and were low 


Fig. Eleetromyograms from abductor pollicis, subject 

(j, Sustained contraction. 

Double response single unit. 
Time, per 


(n, Moderate twitches. Some units 


double discharges single unit. these, were longer interval, 


and the other were doubtful complex discharges where unit was 
seen repeat, the interval varied from 140 The most frequent type 
discharge was combination serial and overlapping types with apparent 
repetition (107 serial discharges (70) were more frequent than 
the overlapping type The remaining were single spikes. 
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Discussion. From the observations given above would seem that the type 
double response observed Gilson and Mills (1940, 1941) probably due 
the asynchronous discharge two motor units rather than the repetitive dis- 
charge single unit. slow sweep speeds may difficult discriminate 
between two units whose form readily differentiated higher sweep speeds. 
Such two-unit responses with intervals from 100 msec. have been repeat- 
edly observed from all subjects used the present work. Although true double 
discharges from single units with intervals short have been ob- 
served reflex responses cat muscle Denny-Brown (1929), Eccles and Hoff 
(1932), and Adrian and Bronk (1929) the present work does not support the 
existence this type response the human electromyogram. 

For delicate and rapid volitional movements would seem that the possi- 
bility more less simultaneous firing many units once and not more than 
once would provide greater speed movement than repetitive firing single 
motor units, and thus have obvious utility such human pursuits the playing 
musical instruments. That volitional twitch consisting high frequency 
burst from single motor unit should occur under normal conditions seems im- 
probable from the usual observations sustained contractions. For example, 
with increasing effort low-threshold motor unit which begins fire per 
second may joined another unit firing low rate when the first unit 
has reached per second, and third when the first unit has reached 
per second, unlikely that short twitch single unit could pro- 
duce burst unless the next-ranking units also entered into the response. 
That the latter does occur indicated the asynchronous responses which 
one unit may repeat but other units also take part. 

The observation that the same motor unit may the low threshold unit for 
both the twitch and sustained type voluntary contraction suggests that the 
the arm and hand muscles man there sharp differentiation the 
motoneurone level into units tonic and ballistic function. 


SUMMARY 


confirmed that the simplest possible voluntary movement involves 
single discharge smgle motor unit. Stronger twitches involve, not repetitive 
discharges single unit, but either the overlapping discharge 
two more units, the serial discharge two more units, com- 
bination both and 
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THE ETHER AND STARVATION LIVER 
MAINTENANCE AFTER VARIOUS DIETS 


ROBERT NEWBURGER FREDERICK BROWN 


From the Department Chemistry, New York University College Medicine, New York 
Accepted for publication April 18, 1942 


Mirski and his associates (1) 1938 placed rats diets high carbohydrate 
and protein respectively, and studied the liver glycogen content after subjecting 
the animals starvation for varying lengths time, exercise the point ex- 
haustion, administration typhoid vaccine, phloridzin, dinitrophenol. 
They found that the livers animals receiving the high carbohydrate diet were 
richer glycogen than those the rats receiving the high protein diet. After 
16, and hours’ starvation, and after phloridzin, the liver glycogen the 
animals fed the high protein diet had diminished much less than that the rats 
the high after exercise, after the administration 
one the substances mentioned, there was notable decrease liver glycogen 
hydrate series was still falling, while that the high protein group had increased 
again. 

Our were designed discover which diet would more favorable 
maintaining the liver glycogen animals subjected ether anesthesia. 
addition, rats were starved for and for hours order provide basis 
for comparison. 

Male albino hooded rats weighing between 150 and 300 
grams were kept two types experimental diets for days. The high 
carbohydrate diet consisted casein per cent, starch per cent, sucrose 
per cent, and cottonseed oil per cent. The high protein diet consisted 
casein per cent and cottonseed oil per cent. 100 grams each diet were 
added grams inorganic salt mixture grams brewers’ veast, 
and drops cod liver oil. 

Rats each diet were divided into five groups. Group was not starved. 
Group had food withheld for eight hours. Group III was starved for twenty- 
four hours. Group was not starved and received ether for period thirty 
forty minutes. Group had food withheld for eight hours, then was given 
ether the same way and finally was allowed recover but was not fed for the 
next sixteen hours. 

All animals except those group were operated the morning. They 
were given mgm. pentobarbital sodium per kilogram body weight. 
When deep narcosis the abdomen was opened and two slices liver 
each weighing between 0.8 and 2.0 grams were removed and immediately im- 
mersed 2.0 4.0 mil. per cent potassium hydroxide weighed, stoppered 
test tubes. The glycogen was isolated and hydrolyzed the method Good, 
Kramer and Somogyi The resulting glucose was determined the Bene- 
dict method (3) adapted the Klett-Summerson colorimeter. 

746 


jar 
ane 
the 
bal 
tal 
ste 


LIVER GLYCOGEN MAINTENANCE VARIOUS DIETS 


The rats groups and were placed, four six time, under large bell 
jar into which flowed mixture oxygen and ether. The rats were kept 
anesthetized for period thirty forty minutes. The rats group were 
then operated upon described above. Those group noted previously, 
were allowed recover, but were not fed; hours later they were given pento- 
barbital sodium and operated upon. 

The experimental data are summarized table values ob- 
tained groups and confirmed the findings Mirski and his co-workers 
with respect the effect high carbohydrate and high protein diets, and 
starvation for hours following these diets, upon the liver glycogen. group 
the end hours’ fasting, the loss glycogen from the livers 
drate-fed animals was greater than that the protein-fed animals, but these 
differences are not statistically significant. the non-starved animals (group 
ether produced liver glycogen loss per cent the earbohydrate-fed 


TABLE 


GROUP | DIET TREATMENT NO. OF RAT | (AS GLUCOSE) 


Protein Starved hours 1.9 0.62 
Protein Etherized, not starved 0.49 0.22 
Protein Starved hours, ether hours 0.48 0.18 


Experiments limited small number rats when the results were seen confirm 
those Mirski’s similar experiments. 


animals and loss per cent the protein-fed the ab- 
solute losses glycogen were 1.6 grams percent and 2.0 grams percent respec- 
tively. These findings indicate that ether produces glycogenolysis about the 
same magnitude regardless the previous diet. The experiments combining the 
effects ether and starvation (group produced losses per cent the 
carbohydrate-fed animals and per cent the protein-fed animals, the resulting 
levels being close minimal. The implications these results will 


discussed later. 

Discusston. Mirski (1) explained his results the basis accelerated gly- 
coneogenesis from the general body protein animals high protein diets after 
subjection various procedures designed deglycogenate the liver, although 
notes that these animals probably utilize less carbohydrate than those previously 
high carbohydrate diet. 

The level glycogen the liver represents balance between rates glyco- 
genesis and glycogenolysis. Peters (4) points out that when the supply car- 
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bohydrate the diet large, used practically the sole source energy, 
especially the working muscles. Glycogenesis and glycogenolysis both pro- 
ceed rapid rate. When food withheld, less carbohydrate burned; when, 
finally, protein breakdown the principal source carbohydrate, the latter 
burned only for obligatory purposes (metabolism nervous tissue, mainly). 
additional amount carbohydrate thus formed stored glycogen the 
liver. 

However, protein evidently does not begin form carbohydrate until degly- 
cogenation the liver almost complete, process requiring hours 
the starved rat, and considerably less time rats exposed various deglyco- 
genating agents. the other hand, when carbohydrate again made available 
after starvation, combustion the newly supplied carbohydrate minimal and 
this sugar goes form liver glycogen; hyperglycemia and sometimes glycosuria 
occur until carbohydrate metabolism again speeds up. either case there 
definite lag period prior the adjustment the animal’s metabolism its 
metabolic mixture, whether exogenous endogenous. 

According this view, our starvation experiments and those Mirski (1) 
would indicate minimal carbohydrate oxidation those animals previously 
high protein diet, while rats the carbohydrate series continued burn 
bohydrate freely. 

Ether anesthesia produced considerable and approximately equal diminution 
liver glycogen animals previously fed carbohydrate and protein. This in- 
dicates, Mirski (1) previously stated, that there difference the glycogen 
formed its availability the animals fed either diet. have evidence 
bearing the fate the carbohydrate thus mobilized. 

group our experiments the effect starvation was superimposed upon 
the effect ether the liver glycogen. The character the previous diet had 
demonstrable effect the liver glycogen levels after increased 
glyconeogenesis occurred either series during the hours subsequent ether 
anesthesia, did not result increase the glycogen level. 

Our results and those Mirski (1) may then explained the concept that 
the carbohydrate content the metabolic mixture largely determines the extent 
the basal carbohydrate oxidation. The level liver glycogen modified 
exercise, drugs, and the like, and the lag occurring the adjustment carbo- 
hydrate utilization carbohydrate supply, when the metabolic mixture under- 
goes considerable change composition. 


SUMMARY 


series experiments has been performed assay the effect ether 


q 


anesthesia the liver glycogen rats fed high carbohydrate and high 


diets respectively. These experiments indicated that both groups lost about the 
same quantity glycogen, although the group the high carbohydrate diet had 
higher initial liver glycogen concentrations. 

The results experiments Mirski and his associates rats starved after 
receiving high carbohydrate and high protein diets were confirmed. 
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possible explanation the results our experiments and Mirski’s has 
been presented. 


Our thanks are due Stephen Yohalem, M.D., for his technical assistance. 
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TRANSFER WATER ACROSS THE PLACENTA THE 
GUINEA PIG 


ALFRED GELLHORN LOUIS FLEXNER 


From the Department Embryology, Carnegie Institution Washington, Baltimore, 
for publication April 20, 1942 


Observations the transfer sodium across the placenta the guinea pig, 
using radioactive sodium the tracer material, have previously been reported 
(1). The present study concerns the passage water from mother 
heavy water (deuterium oxide) has been used the tracer substance. with 
sodium, this study has its purposes evaluation the rate transmission 
water across the placenta various stages pregnancy, and comparison 
the growth rate the fetus and the rate which water supplied the fetus 
different periods gestation. 

The has been injected intravenously sufficient quantity 
give blood concentration for analysis about 0.6 per cent. Depending 
upon the weight the animal, this amounted from 
per cent 

The fetuses were delivered cesarean section known interval about 
minutes after injection the This interval was fixed the results 
rate equilibration the fetus with the the maternal blood (fig. 1). 
sample heart’s blood was taken from the mother immediately after delivery 
the fetuses. The placentae, after removal excess blood, and the fetuses, 
were weighed. 

The water from the maternal blood and the fetuses was obtained vacuum 
distillation dryness room temperature and was condensed tubes sur- 
rounded solid essential that the distillation carried complete 
dryness because differences the rate distillation and The 
water was next purified passing over CuO combustion furnace and dis- 
tilling from alkaline permanganate and chromium trioxide described 
Keston, Rittenberg and Schoenheimer (2). 

The concentration the samples was determined modification 
(2) the procedure Barbour and Hamilton consists measuring 
the falling time drop water fixed volume through column 
immiscible fluid slightly lower density which maintained constant 
temperature. the suggestion Dr. David Rittenberg have used m-fluoro- 
toluene obtained from the Eastman Kodak Company the immiscible medium 
and has been maintained temperature 19.5°. Other details the 
procedure, including the micropipet, were described Keston, Rittenberg 
and Schoenheimer (2). 

Doctor Rittenberg has checked values obtained our laboratory within 
+0.02 per cent. have run our samples duplicate through the stages 
purification and determination falling time and have consistently obtained 
checks within per cent. 
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Observations the change concentration intra- 
venously injected, the blood with time have previously been given For 
the present experiments the important results this investigation are the shape 
the time-concentration curve, and the conclusion that the DHO the blood 
comes equilibrium with extravascular fluid about minutes and that its 
concentration remains constant for least hours thereafter. 

Establishment equilibrium between maternal blood and 
presents data from which possible gain estimate the rate which 
the fetus comes equilibrium with DHO the maternal ex- 
periments with radioactive sodium showed that the fetus comes per cent 
equilibrium with the maternal plasma only after about hours 


GUINEA PIG ©200r 
a 
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Fig. Rate equilibration fetus with DHO maternal blood. The ordinates were 
obtained dividing the observed concentrations DHO the water the fetus the 
corresponding concentrations DHO (average explained text) the water the 
maternal blood and multiplying 100. 

Fig. Variation rate transfer water fetus with respect fetal weight. The 
two points within triangles were obtained from fetuses term but mother differ- 
ent and considerably smaller (30 per cent) stock than that used for the remainder the 
experiments. These two fetuses weighed grams. 


sharp contrast DHO the fetus comes per cent equilibrium 
approximately half hour. The period linear rate exchange between 
maternal blood and the fetus consequently much shorter with DHO than with 
have chosen, the experiments reported here, remove the fetuses 
known interval about minutes after intravenous injection into 
the evident figure appears that the rate exchange this 
interval does not deviate any important way from linearity. 

Variation transfer rate per unit weight placenta with gestation age. The 
experimental observations are given table The only item calling for ex- 
planation the corrected value for DHO the order calculate 
the rate passage water across the placenta, has been necessary correct 
the observed DHO value and use the average concentration DHO the 
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maternal blood for the ten minutes the experiment. During the first 
minutes after intravenous injection the concentration the blood 
about one-thirteenth its initial value and the fetus consequently exposed, 
during the first half the experiment, concentration DHO the 
blood which rapidly changing. The average concentration has been obtained 
from the curve relating concentration DHO the maternal blood time 
after its intravenous injection area under the curve the delivery 
time the fetus was measured and the ordinate average concentration ob- 


TABLE 
Values from which the data figures and have been derived 
Delivery time refers the time delivery the fetus after injection into the 
mother. Per cent DHO blood water (corrected) the average concentration DHO 
the blood the delivery time and has been derived explained the 
mates are grouped together. 


DHO 


grams minutes grams ry per cent | per cent per cent 

0.73 10.5 0.33 0.63 

0.85 11.6 0.82 0.398 1.063 

10.8 10.8 9.5 0.386 

12.0 3.50 21.4 0.414 0.670 1.072 

39.0 10.0 31.9 0.330 0.618 

10.1 79.2 0.414 0.618 1.065 


tained dividing the elapsed time minutes into the area. The correction 
factor was then equal the ratio the ordinate average concentration and 
the ordinate the time delivery. 

the assumption that there separation isotopes (1) the quantity 
water transferred the fetus can directly calculated from the observed con- 
centration DHO the fetus water, the corrected concentration DHO 
the water the maternal blood and the total volume water the 
these quantities designated respectively and 
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then the quantity water transferred the fetus during the time the ex- 
periment equal to: 


The values for the quantity water transferred the fetus per hour 
various fetal weights given figure 

Using the values figure and table the transfer per gram placenta 
per hour has been obtained dividing the quantity water transferred the 
fetus the corresponding placental weight. These values are presented 
figure evident that about times much transferred across 
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Fig. Variation rate transfer per unit weight placenta with respect 
fetal weight gestation age. Points within triangles are explained legend figure 

Fig. Comparison curve daily per cent weight increase and curve transfer rate 
H.O per unit weight fetus during the gestation period. Points triangle are 
explained for figure 


unit weight the 66-day placenta across the same weight the 28-day 
placenta. 

Variation transfer per unit weight fetus with respect fetal weight and relative 
growth rate. The method calculation the relative growth rate the guinea 
pig fetus has been reported The transfer rate per unit weight 
fetus can readily obtained from figure Figure shows the variation 
these two quantities with increase fetal weight. The experimental determina- 
tions the transfer rate per unit weight fetus show considerable scattering 
and fix the position the curve less precise way than was generally the 
case with sodium (1; 9). 

The two curves during that period gestation which has been investigated 
are similar, the ratios their ordinates having the following values: fetal 
grams, appears consequently that the hypothesis advanced result 
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our experience with sodium holds also for water, i.e., that the fundamental prin- 
ciple underlying placental transfer that the rate supply substance 
unit weight fetus shall parallel the rate which that unit weight fetus 
reproducing 

Fetal need for relative supply across placenta. The ratio the quantity 
substance supplied the fetus the amount that substance retained 
the fetus its growth has been called the safety factor for that substance (1). 
The safety factor for water readily calculated from the data table 
quantity water reaching the fetus across the placenta per hour calculated 
from the relative content DHO the fetus and the maternal blood ex- 
plained above. The quantity water retained the fetus hour equal 
the total water content the fetus multiplied the daily per cent weight 
increase and divided times 100. The safety factor for water, can 
seen table varies from about 150 for fetus gram 500 for fetus 
100 grams, i.e., the fetus, depending its size, receives water across the placenta 


TABLE 
Safety factor for water various fetal weights 
TOTAL TOTAL H2O RE- 


TRANSFERRED TO TAINED IN HOURLY 
FETUS PER HOUR GROWTH OF FETUS | 


DAILY PER CENT 
WEIGHT INCREASE 


TOTAL H2O con- 
TENT OF FETUS 


FETAL WEIGHT SAFETY FACTOR 


| ce. cc. cc. | 
100 160 0.30 533 
0.92 0.013 154 


remarkably high quantities amounting from 150 500 times that retained 
growth. 

Discussion. The increase transfer rate across unit weight placenta 
from the twenty-eighth day gestation term, shortly before, the same 
order magnitude both for and overall increase for during 
this period was found about times; that for water, about times. 
Intermediate points between these two stages pregnancy the 
and Na-transfer curves are not related exactly. This due the absence 
the series observations with DHO the apparent minimum the curve 
found with Na* gestation age days. The morphological and physio- 
logical changes which can correlated with the increase unit placental 
transfer rates pregnancy proceeds have been given (1). 

The results the experiments with led the hypothesis that the funda- 
mental principle underlying placental transfer that the rate transfer 
substance unit weight fetus shall parallel the relative growth rate the 
fetus. This hypothesis was satisfied the observations guinea pig, rat, 
rabbit, cat, goat and sow during the period the experiments which 
was approximately the last half gestation. The results water transfer 
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the fetus the guinea pig also fit the hypothesis and give considerable 
additional strength. 

The rate which supplied the fetus across the placenta consider- 
ably greater than that for This reflected differences the times 
necessary for the fetus come equilibrium with DHO and Na* the maternal 
blood. Although DHO distributed throughout the fluids the fetus whereas 
limited fluid, DHO injected intravenously into the 
mother comes within per cent equilibrium with the fetus about half 
hour contrast Na* which requires four hours for the same degree 
equilibration. The greater rate supply the fetus also reflected 
its higher safety factor which varies from 150 early stages 500 near term 
values and for the safety factor for equivalent 
stages gestation. 

The actual amount transferred the fetus per hour given figure 
above; the amount supplied has previously been given the placenta 
were equally permeable H,O and and performed secretory work 
their transfer, the concentration the fluid delivered the fetus would 
the same that the maternal plasma, i.e., 330 mgm. per 100 ce. 
The concentration delivered the fetus is, however, far below this 
level. The 100 gram fetus, for example, receives about 170 per hour 
and only mgm. Na. The anticipated quantity the basis equal 
placental permeability and and secretory work 560 mgm. 

Though first glance this may taken evidence for placental secretory 
activity, also completely explained assuming greater placental 
permeability than order clarify this latter view have 
performed the following experiment with collodion membrane. The mem- 
brane had surface area sq. and was the form was 
immersed and filled with one per cent solution NaCl. measure the 
relative rate movement and across the membrane under this 
the inside the membrane. Under conditions adequate stirring, samples 
were then taken from the inner and outer liquids and analyzed for DHO and 

The difference rate movement and across the membrane 
equilibrium may judged from the following observations made minutes 
after the start the experiment. One cubic centimeter fluid from inside the 
membrane contained 0.869 per cent DHO and had level radioactivity 
16,000 beta-rays per second. One centimeter from outside (total volume 
ec.) the membrane contained 0.086 per cent DHO and had radioactivity 203 
beta-rays per second. From these values can calculated explained above 
that 125 mgm. and 0.16 mgm. moved across square centimeter 
membrane per hour. the membrane were equally permeable and Na, 
1.25 mgm. would move with 125 mgm. this their ratio 
concentration the solution. has been demonstrated, consequently, that 
equilibrium the relative rate movement and back and forth 
across the membrane not equal their concentration ratio. The concentra- 
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moved through unit area membrane unit time was 780 

make this experiment comparable the situation the placenta, 
necessary consider the consequences applying pressure the order 
magnitude capillary pressure the fluid within the sac. Under this condi- 
tion, the volume fluid outside the will increase the expense that 
within. has been shown (10), the concentration and and 
DHO and Na* the fluid pressed across the membrane this way will 
indistinguishable from that the mother liquor. The total amount DHO 
and Na* which would move into the outer liquid this case would, however, 
not the ratio their concentrations within the membrane. This 
because superimposed upon that which moves result the pressure 
transfer the sort which equilibrium. 

This last statement holds also for transfer and from the 
the fetal circulation across the placenta. There may addition secretory 
activity the placenta through which separated from im- 
possible make any conclusion this latter possibility from the present data. 


SUMMARY 


Changes rate placental transfer have been measured from the 
28th day pregnancy until term, using DHO the tracer substance. The 
transfer rate per unit weight placenta increases about times during 
this period. 

The results with DHO satisfy the hypothesis, previously advanced for Na, 
that the fundamental principle underlying placental transfer that the rate 
transfer unit weight fetus shall parallel the relative growth rate the 
fetus. 

The fetus the early stages studied here receives across the placenta 
150 times much and the later stages almost 500 times much 
incorporated the growing tissues. 


are grateful Dr. David Rittenberg for generous advice about the 
apparatus. 
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THE TRANSFER WATER AND SODIUM THE AMNIOTIC 
FLUID THE GUINEA PIG 


LOUIS FLEXNER ALFRED GELLHORN 
From the Department Embryology, Carnegie Institution Washington, Baltimore, Md. 


Accepted for publication April 20, 1942 


The results measurement the rate transfer sodium and water 
across the placenta the guinea pig the fetus have been reported (1, 2). 
The present series experiments was undertaken determine the rate which 
water and sodium are transferred from the maternal circulation the amniotic 
fluid. Radioactive sodium the form chloride and heavy water 
(DHO) were used the tracer materials. 

pregnant guinea pigs were used study the transfer 
water the amniotic fluid. Heavy water (95 per cent was injected 
intravenously such amounts usually give final concentration the 
blood about 0.6 per cent. From preliminary experiments was found that 
the exchange heavy water between the maternal circulation and the amniotic 
fluid was linear minutes. Therefore, the transfer experiments, the 
abdomen was opened under light ether anesthesia, the uterus and chorion incised, 
and the amniotic sac exposed minutes after the heavy water had been 
injected into the mother. much amniotic fluid possible was withdrawn 
means hypodermic needle and syringe, care being taken avoid contamina- 
tion the fluid blood. sample maternal blood was secured cardiac 
puncture. The water the fluid and the maternal blood was ob- 
tained vacuum distillation dryness room temperature. The purifica- 
tion the water obtained, and the method determining the concentration 
heavy water the falling drop method were described Keston, Ritten- 
berg and Schoenheimer (3). 

The rate transfer radioactive sodium the amniotic fluid was measured 
second series eight pregnant guinea pigs. Three five microcuries 
radioactive sodium, depending the weight the mother, were injected 
intravenously. From preliminary experiments, three hours was found 
the optimum interval which terminate the experiment. The amniotic 
fluid and maternal blood were secured the same way the heavy water 
experiments. The radioactivity present the samples was measured 
pressure ionization chamber-string electrometer apparatus manner previ- 
ously reported (1). 

both series experiments the observations were carried out animals 
progressive periods gestation from about the end the first third pregnancy 
term. 

Resutts. The method and rationale for the rate transfer 
water the fetus have been given (2). Similarly the amount water trans- 
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ferred the fluid known interval time may calculated 
the equation: 


mp = DHOg ap x Volamr DHOyp 


where represents the total water transferred the fluid 


the observed concentration heavy water the water the amni- 
otic fluid; the average concentration, during the period the experiment, 
heavy water the water the maternal blood. The average concentration 
heavy water the water the maternal blood used the be- 
the changing concentration DHO the blood during the 


TABLE 
Rate water amniotic fluid from maternal circulation 


Litter mates are grouped together. ‘‘Delivery time refers min- 
utes after injection into mother. 


4 FETAL DELIVE RY CONCENTR A- CONCENTRA-~ TION DHO TRANSFERRED TURNOVE 
grams | per cent jer tent | per cent | ce. cc. 
| | | 
| | | 
26.0 12.8 0.670 1.04 0.281 1.2 


early part the experiment. The method for obtaining this value has been 
reported The volume the fluid different periods 
gestation has been taken from Ibsen (4). 
Table gives the results the experiments the rate transfer water 
the amniotic can seen, the earliest stage gestation observed 
weight 0.8 gram, estimated gestation age days), 0.9 water was 
transferred the amniotic fluid per hour; term (fetal weight 105 grams), 
28.5 ce. water was transferred the amniotic fluid per hour. Hence there 
increase about times the rate transfer water the amniotic 
fluid from the earliest the latest stage pregnancy studied. Although the 


e 
| 


TRANSFER WATER AND SODIUM AMNIOTIC FLUID 759 


ate transfer water later stages much greater than earlier stages, the 
overall result much the same inasmuch volume water approximately 
equal the total volume the fluid flows into and out the amniotic 
sac about once hour the earlier stages (up fetal weight grams) 
and about once every minutes the later stages. 
The method calculating the amount sodium transferred the fetus from 
the transfer rate the fetus has been reported like manner the 


TABLE 
Rate transfer sodium amniotic fluid from maternal circulation 
Litter mates are grouped together. ‘Delivery time fluid’’ refers 
hours after injection into mother. The radioactivities have been measured 
samples larger than but are presented this unit for convenience. 


FETAL DELIVERY TRANS 


| 
42.0 3.00 1.7 0.033 0.014 
69.4 3.33 866 136 0.160 1.9 


70.0 0.100 1.2 0.042 


amount sodium transferred the fluid for the time period the 
experiment can calculated from the equation: 


fluid and maternal plasma. 

have assumed the concentration sodium the maternal plasma 
330 mgm. per 100 correction need made for 


3 
= 


760 LOUIS FLEXNER AND ALFRED GELLHORN 


the plasma because this regard both and are affected alike. The 
results the rate transfer sodium the fluid are given table 
The calculations the rate which the sodium the amniotic fluid replaced 
sodium the maternal plasma have been made the assumption that there 
are 2.4 mgm. per fluid. This value was obtained from Need- 
ham There marked increase between and times the total 
amount sodium transferred per hour the amniotic fluid from the early 
stages term. can seen from the values the final column table 
the rate turnover the sodium all stages pregnancy low; only about 
one-fiftieth the sodium replaced the average per hour. 

The rate which water transferred the fluid 
considerably greater than that for sodium. This reflected the difference 
rate turnover water and sodium the amniotic fluid. Whereas the amount 
water which flows into and out the amniotic sac hour approximately 
equal the volume the fluid all stages gestation, only about 
one-fiftieth the sodium replaced the same time interval. This means 
that water replaced the average times more rapidly than sodium. 
When comparison the rates transfer water and sodium across the pla- 
centa the pregnant guinea pig was made, similar difference was noted (2). 
was given which could explain completely the observed discrepancy 
the basis greater permeability the placental membrane water than 
sodium. The same explanation, applied whatever membranes are involved, 
may hold for the difference transfer rates water and sodium from the 
maternal circulation the fluid. 

The main source the fluid has been ascribed some investigators 
fetal urine. The present experiments shed light the principal site 
which the exchange water and sodium between the maternal blood and 
amniotic fluid takes place. Since several the earlier stages, volume 
water equal that the fetus (see table flows and out the sac 
hour, would seem questionable that the fetal urine the principal source 
the amniotic fluid. The astonishingly rapid rate replacement the water 
the fluid also variance with our previous the 
fluid relatively stagnant. 


SUMMARY AND CONCLUSIONS 


The rate passage water and sodium from the maternal circulation the 
fluid has been measured from the end the first third pregnancy 
term. Radioactive sodium the chloride and heavy water (DHO) 
were used the tracer substances. 

The rate which water delivered the amniotic fluid such that volume 
water equal the volume the fluid exchanged the average 
about hour all periods gestation examined. 

The rate transfer sodium the fluid various stages gesta- 
tion the average about times less rapid than the water transfer. 
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STUDIES THE RELATION THE LIVER FUNCTION, PULSE 
RATE AND TEMPERATURE HYPERTHYROID DOGS 
VITAMIN AND 


From the Section Physiology, Biological Laboratory, Princeton University, Princeton, 
Accepted for publication April 24, 1942 


Evidence has accumulated show the increasing importance the vitamins 
both experimental and clinical hyperthyroidism. Increased requirements 
undifferentiated vitamin during hyperthyroidism was 
Himwich, Goldfarb and Cowgill (16), and Sure and co-workers (26, 27) have 
shown that crystalline vitamin will partially protect thyroid fed rats from 
loss weight. Drill (9) and Drill and Sherwood (13) have reported that thyroid 
fed rats which had lost weight will regain their normal weight, when both vitamin 
and yeast are administered, even though thyroid feeding continued. was 
also found that normal estrus cycle could restored thyroid fed rats with 
the administration the vitamins. Peters and Rossiter (22) confirmed the 
report Drill (10) that thyroid fed rats show decrease vitamin their 
tissues. The administration thyroid fed rats will also prevent the fall 
liver glycogen that usually occurs (8). has recently been reported that the 
calorie intake and the maintenance weight hyperthyroid dogs depends 
the intake the vitamins Means al. (20), Frazier and Ravdin (15), 
and (25) have used vitamin and yeast cases human 
hyperthyroidism and have reported beneficial results. 

The experimental work with the vitamins has thus far been concerned only 
with some the symptoms hyperthyroidism, such weight change, food in- 
take, estrus cycle, liver glycogen, and the tissue storage vitamin The liver 
damage, pulse rate, and body temperature hyperthyroid animals have not 
yet been studied relation the vitamins, and will reported here. 

has been shown that the liver altered both structurally (14) and func- 
tionally (5) during the hyperthyroid state. Only the functional changes will 
considered here. Youmans and Warefeld (30), Maddock al. (19), and Bartels 
(3) have clearly demonstrated the presence abnormal liver function 
majority hyperthyroid patients (ef. The above authors also noted that 
the liver damage increased with the severity the disease. The work Sanger 
and Hun (24) indicates that the hyperthyroid patient fails store glucose 
liver glycogen. (18) studied the levulose the blood sugar 
curve normal and hyperthyroid patients and concluded that the liver the 


authors wish thank Lilly and Company for grant support part these 
experiments. 

This work was done the laboratory Dr. Swingle and are indebted him 
for the necessary facilities undertake this work. 

Present address: Ciba Pharmaceutical Products, Inc., Summit, 
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hyperthyroid individual failed store glycogen even convert the levulose 
into glucose, process which normally takes place the liver. Experimental 
work has demonstrated that feeding thyroid gland animals greatly reduces the 
amount glycogen the liver. This was first shown Cramer and Kraus (7) 
and Parhon (21) and has been confirmed nearly every type experimental 
animal (cf. has since been found that the administration the vita- 
mins, yeast, will prevent the loss liver glycogen that usually occurs hyper- 
thyroid rats (1, 8). 

This evidence shows the increasing importance the liver and the vita- 
mins both clinical and experimental hyperthyroidism. was thus decided 
investigate possible relationships between the liver function hyperthyroid 
dogs and the vitamins. This was done with the hope obtaining additional 
knowledge the cause the abnormal liver function patients with Graves’ 
disease. Studies were also made the effect the vitamins the pulse rate 
and temperature the preliminary report the liver 
function studies has been published (12). 

Male dogs weighing between and kgm. were used experi- 
mental animals. sex difference response thyroid feeding rats has been 
reported (9), and although such difference has been reported dogs, for the 
sake conformity and interpretation results animals only one sex were used. 
Lilly’s desiccated thyroid containing 0.21 per cent iodine, was used, the 
dosages employed being listed table Two weeks before the thyroid feeding 
was started the dogs were placed modified form (12) Cowgill’s casein dict 
no. III (6), which free the vitamins. This diet was fed for three hour 
period each day, the amount eaten being measured. Each dog also received 
daily supplement dried baker’s The yeast contained International 
Units vitamin per and was fed dosage 4.4 vitamin 
per kgm. body weight. 

All the animals were fed synthetic diet with the minimal amount yeast that 
would still afford normal maintenance the untreated dog. Thus, the increased 
requirements for the vitamins caused thyroid feeding would result 
progressive chronic deficiency the vitamins. various time intervals 
during thyroid feeding the yeast was removed from the diet the dogs and the 
effect the liver function, pulse rate, and rectal temperature noted. Crystalline 
vitamin was then injected large doses, and later yeast concentrate was 
added the diet, and changes the liver function, pulse rate and temperature 
were studied. 

Liver functions were determined the bromsulphalein method Rosenthal 
and White (23), except that mgm. bromsulphalein per kilogram body 


4The authors are indebted Dr. Frey The Laboratories for 
supplying the analysed yeast and yeast concentrate, Dr. Major Merck and 
Company for supplying the crystalline vitamin and Dr. Rhodehamel 
Lilly and Company for the desiceated thyroid gland. 

The dried baker’s yeast also contained gamma riboflavin, gamma vitamin 
and 120-150 gamma calcium pantothenate per gram. 
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weight, instead mgm., were injected intravenously into trained dogs, and 
single blood sample was withdrawn under oil after one-half hour interval. 
the standards mgm. bromsulphalein per 100 ec. dilute NaOH was used 
represent 100 per cent. Readings above 100 per cent retention dye are 
obtainable during liver damage, since the colorimeter standards, originally 
developed for the dosage mgm. dye per kilogram body weight, were 
retained with the mgm. dose. The greater difficulty comparison the 
solutions made the lower concentration standard preferable. 

The normal dogs table gained weight and were maintained 
perfect health during the experiment, showing that the diet and yeast supple- 
ment were adequate. The liver function tests the normal dogs and the ex- 
perimental animals before thyroid feeding generally showed between per 
cent retention dye. Control values above per cent were not obtained the 


dogs. Therefore have regarded dye retention above per cent definitely 
abnormal. 


TABLE 
DOG WEIGHT YEAST FED PER DAY FROM 
kgm. grams grams 
10.72 None 2.0 Not removed 
16.22 None Not removed 
11.97 0.4 2.2 
10.12 0.4 1.9 
14.29 0.4 2.7 
13.84 0.4 2.6 
13.61 0.6 2.6 
12.90 0.6 2.4 


Liver function. thyroid feeding and removal yeast from the diet 
three control liver function determinations were made the experi- 
mental animals before thyroid feeding was started. Figure shows the com- 
parative effects thyroid feeding and the removal the yeast from the diet 
liver function. One dog (no. showed abnormal dye retention while the 
thyroid was being fed after the yeast was removed from the diet. This dog 
had received thyroid gland for total days. Dogs and gave ab- 
normal liver the 34th, 41st and 59th day thyroid feeding, re- 
spectively, before the yeast was removed from the diet. The removal the 
yeast from the diet dog did not further increase the dye retention (fig. 1), 
whereas the removal the yeast from the diet dog did increase the dye 
retention. 

Dog maintained normal liver function until the 57th day thyroid feeding. 
The yeast was then removed from the diet the 57th day the experiment and 
the following day the dye retention was per cent, which slowly increased the 
thyroid feeding was continued. The removal the yeast from the diet dog 
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also produced abnormal dye retention which progressively 
dog one-half the yeast was removed the 42nd day thyroid feeding, and 
hours later the liver function test showed per cent retention dye. the 
44th day, all the yeast was removed and the following day 150 per cent reten- 
tion dye was obtained. This value then dropped and remained between 
per cent retention dye. Thus, the removal the yeast from the diet 
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Fig. The effect yeast removal from the diet the liver function hyperthyroid 
dogs. The arrow indicates the removal the yeast from the diet. the first arrow 
indicates the removal from the diet one-half the yeast and the second arrow all 
the yeast. 

Fig. The effect yeast supplements, vitamin injections, and yeast concentrate 
the abnormal liver function produced hyperthyroid dogs. The effect single in- 
and the replacement the original amount yeast the diet. The addition 
grams yeast concentrate per day the diet. The addition grams yeast con- 
centrate the diet each day plus the daily injection mgm. vitamin 


seems have causal relationship the production abnormal liver func- 
tion thyroid fed dogs. 

Effect vitamin and yeast liver function. After the abnormal liver 
tions had developed the thyroid fed dogs, they were treated injections 
vitamin and the addition yeast concentrate their diet. The ma- 
terials administered and the results obtained are illustrated four dogs figure 
All the dogs had previously had the veast removed from their diet. The 
single subcutaneous injection mgm. vitamin gave change the liver 
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function. When, addition the single subcutaneous injection vitamin 
the original amount yeast was restored the diet, there was correcting in- 
fluence the abnormal liver function. Even when grams yeast concen- 
trate per grams yeast concentrate each day plus mgm. vitamin 
subcutaneously per day were given, there was reduction the percentage 
dye retention (fig. 2). Thus the abnormal liver function the thyroid fed 
dogs, which had been “precipitated” removing the yeast from the diet, was 
not improved the large amount yeast concentrate and the vitamin 
injections that were administered each day. 


DAYS DAYS 
Fig. Fig. 


Fig. The effect vitamin and yeast the pulse rate hyperthyroid dog. 
Thyroid feeding started. Yeast removed from the diet. Two milligrams vitamin 
injected and yeast replaced the diet. Yeast removed from the diet. Ten grams 
yeast concentrate fed each day. Ten grams yeast concentrate fed each day plus 
daily injection mgm. vitamin B,. 

Fig. The effect vitamin and yeast the pulse rate hyperthyroid dog. 
Thyroid feeding started. Yeast removed from the diet. Effect single injection 
replacement the yeast the diet each day. The injection mgm. vitamin 
each day with the yeast still the diet. Dog fed grams yeast concentrate per day. 
Dog fed grams yeast concentrate per day plus the injection mgm. vitamin 
each day. 


Pulse rate. thyroid feeding and removal yeast from the diet. The 
two control dogs and the seven experimental dogs all had normal pulse rates 
80-105 beats per minute. When thyroid feeding was started six the seven dogs 
gave slow but steady increase pulse rate from the normal, reaching, 
days, rate 150 160 beats per minute (figs. The seventh dog 
showed some tachycardia, but the pulse rate was irregular and varied from 100 
160 beats per minute during the first days thyroid feeding. the six dogs 
with tachycardia, the pulse rate generally varied from 150 160 beats per min- 
ute, sometimes going low 140 beats per minute. When the yeast was re- 


The yeast concentrate contained 200 U.S.P. units vitamin B;, 230 gamma ribo- 
flavin, 200 gamma vitamin and 1500-2000 gamma calcium pantothenate per gram. 
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moved from the diet, all the hyperthyroid dogs showed marked decrease 
pulse rate, dropping low beats per minute, while still receiving 
thyroid gland (figs. and table 1). 

Effect vitamin and yeast pulse rate. After the yeast had been removed 
from the diet the hyperthyroid dogs, and the pulse rate had fallen, 
received injection vitamin B;. Within hours after the injec- 
tion, the pulse rate again rose between 140 and 160 beats per minute (figs. 
soon the injected vitamin was metabolized and/or excreted the 
pulse rate again fell low levels (figs. 4). could again raised the 
hyperthyroid level another injection vitamin 
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Fig. The effect removal the yeast from the diet the pulse rate hyperthyroid 
dogs. Arrow indicates removal the yeast from the diet. dog the first arrow in- 
the removal one-half the dietary yeast and the second arrow the removal 
all the yeast. 

Fig. Effect vitamin and yeast the pulse rate hyperthyroid dog. 
Thyroid feeding started. Yeast removed from the diet. Note the decline pulse 
rate before the yeast was removed. One milligram vitamin injected and yeast 
replaced the diet. One milligram vitamin injected each day plus supplement 
grams yeast concentrate per day. The pulse rate still above normal but 
marked tachycardia present. 


The dogs were then injected with vitamin and the initial amount yeast 
was replaced the diet. The pulse rate again rose only fall when the ad- 
ministered vitamin was metabolized excreted. Thus the original amount 
yeast was not sufficient maintain the characteristic pulse the hyperthyroid 
condition. When grams yeast was substituted for the 
original amount yeast, similar result was obtained, although the fall pulse 
rate was much slower (figs. Finally, when daily injection mgm. 
vitamin was given addition the yeast concentrate, marked tachycardia 
was again observed. However, when the thyroid feeding was continued for 
90-100 days, despite the supplements vitamin and yeast, the pulse rate 
again began fall. 

has since been observed that dogs fed thyroid gland for 120 days, and re- 
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ceiving yeast concentrate and vitamin injections throughout the experiment. 
will maintain tachycardia for only days, after which time the pulse 
drops average 120 beats per minute. The drop pulse rate seems 
associated with hypertrophy the evident, therefore, that dur- 
ing the first days thyroid feeding the pulse rate the hyperthyroid dogs 
dependent adequate supply vitamin The pulse rate falls when the 
yeast removed from the diet during the first days and rises when vitamin 
injected (figs. 3,4). Thus the tachycardia not specific effect thyroid 
feeding per se, but depends also adequate supply vitamin 

Rectal temperature. The rectal temperature the control dogs and the ex- 
perimental animals, before thyroid gland was fed, averaged 38.6°C. (table 2). 
When thyroid feeding was started, there was average rise rectal temperature 
0.5°C during the first days. The rectal temperature still increased slowly 


TABLE 
Average rectal temperature hyperthyroid dogs °C. 
YEAST VITAMIN 
| grams | | 
None 38.0-38.5 throughout the experiment 
38.2-39.0 throughout the experiment 
0.6 38.5 38.8 39.0 39.9 39.0 


until about the fortieth day. When the yeast was removed from the diet the 
hyperthyroid dogs, drop rectal temperature from 0.3 1.5°C. was ob- 
served, the average fall temperature being 0.6°C. Coincident with this drop 
temperature there was drop food intake (11). 

The injection vitamin increased the rectal temperature 0.2 0.5°C, the 
average being 0.3°C (table rise rectal temperature paralleled the 
increase food consumption which follows the injection vitamin B;. This 
seems indicate that the change rectal temperature reflection the 
changes food intake, which this case depends the amount vitamin 
that supplied (11). 

Discussion. The dogs used this experiment were fed synthetic diet 
taining minimal but normal supplement analysed yeast, that each dog re_ 
ceived International Units vitamin per pound body weight. Thi, 
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amount yeast maintained normal food intake and allowed slight gain 
weight the control dogs. However, since the feeding thyroid gland in- 
creases the requirements for vitamin (11, 13, 16, 27), the hyperthyroid dog fed 
this small amount yeast will soon have deficiency the vitamins. 
This experimental procedure was chosen because, view the reports the low 
intake the vitamin the American diet, was unlikely that the average un- 
treated patient with Graves’ disease was receiving sufficient supply the 
vitamins. 

Out seven thyroid fed dogs, one failed develop any abnormal liver func- 
tion during the experiment, even when the yeast was removed from the diet. 
Three the thyroid fed animals developed abnormal liver functions before the 
yeast was removed from the diet, and the dye retention one was further in- 
creased removing the yeast from the diet. The other three hyperthyroid dogs 
showed abnormal liver functions when the yeast was removed. These results 
indicate relationship between the removal the yeast from the diet and the 
production abnormal liver function, although the mechanism such 
effect not clear. should noted that the removal the yeast from the diet 
the hyperthyroid dogs was followed decline appetite, which was turn 
followed secondary loss weight (11). 

Experimental work the vitamins has shown (28) that the incidence 
hepatic cirrhosis produced rabbits lead arsenate was reduced when pow- 
dered brewer’s yeast was added the diet. They did not find any relation 
between the amount glycogen and the quantity arsenic the liver, 
the incidence cirrhosis. Hirata (17) found that rabbits with liver dys- 
function caused the injection chloroform, the administration vitamin 
removed the pronounced decrease liver glycogen well the pathological 
disturbance, revealed the sugar tolerance test. Bartels (3), study 
the liver function hyperthyroid patients, found relation between the dura- 
tion the disease and the liver function. noted, however, that normal liver 
function admission was usually obtained cases showing absence weight 
loss history previous iodine administration. The degree change 
the liver function his patients was direct relation the severity the 
hyperthyroidism. Similar findings were made Boyce (5) and Maddock 
al. al. reported that toxic patients with average B.M.R. 
+33 per cent had normal hepatic function, whereas toxic patients with 
average B.M.R. +54 per cent showed evidence hepatic damage. pos- 
sible that the patients cited Bartels, having normal liver function and show- 
ing absence weight loss, were receiving adequate intake the vitamins, 
but this must remain for future investigation. evident, however, from the 
experimental work reported here, that daily yeast concentrate supplements and 
vitamin injections will not reduce the extent liver damage after has been 
produced thyroid feeding. 

Scrutinio has reported (25) that vitamin especially intravenous injections, 
will decrease the basal metabolism and increase the body weight hyperthyroid 
patients. Frazier and Ravdin (15) did not find any effect vitamin 
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the basal metabolism thyrotoxic patients, but did obtain increase body 
weight under such treatment. The evidence reviewed here certainly demon- 
strates the need increased intake the vitamins, particularly vitamin B,, 
during hyperthyroidism, although the réle that these vitamins play patients 
with Graves’ disease still remains clarified. 

Pulse rate. The effects diets, deficient the vitamins, the cardiovas- 
cular system animals and man has been described (15, 29). Inthe dog and rat 
deficiency vitamin produces bradycardia, whereas human beriberi 
bradycardia rarely observed and tachycardia iscommon. has been pointed 
out (15), the symptoms tachycardia, palpitation, dyspnea and fatigability 
seen human beriberi are very characteristic cardiovascular changes seen 
patients with Graves’ disease. Since deficiency .of vitamin humans and 
hyperthyroidism tend produce the same cardiovascular symptoms, has been 
suggested that deficiency vitamin will intensify the cardiovascular changes 
produced during hyperthyroidism (4, 15). 

the dog, however, vitamin deficiency produces bradycardia whereas 
thyroid feeding produces tachycardia. When the dogs were fed thyroid gland 
the pulse rate rose average 150-160 beats per minute, but the removal 
the yeast from the diet after days caused marked drop pulse rate, 
even while thyroid gland was still being fed. The subcutaneous injection 
mgm. vitamin these dogs raised the pulse rate the previous hyper- 
thyroid within hours. Thus the effect excess thyroid gland pro- 
ducing tachycardia dogs depends adequate supply vitamin al- 
though the mechanism such effect unknown. However, after 100 
days thyroid feeding, the pulse rate falls 100 120 beats per minute and 
even large amounts yeast concentrate and vitamin will not maintain the 
pulse higher levels. This pulse rate slightly above the pulse rate normal, 
trained dogs. appears that the drop pulse rate this time interval as- 
sociated with compensatory hypertrophy the heart.’ 

Frazier and Ravdin (15), study the effects vitamin and yeast 
the preoperative preparation the hyperthyroid patient, noted beneficial 
effect the treatment pulse rate. Bickel (4) has reported that deficiency 
vitamin aggravates the cardiac disturbances hyperthyroid patients. 
From these clinical reports and the experimental work reported, vitamin 
seems play important the cardiovascular changes seen during ex- 
perimental and clinical hyperthyroidism. 


CONCLUSIONS 


The results show that relationship exists between the removal the yeast 
from the diet hyperthyroid dogs and the production abnormal liver 
function. 

Once abnormal liver function has been produced, treatment the 
hyperthyroid dogs with yeast concentrate and vitamin injections does not 
improve the abnormal liver function. 


The feeding thyroid gland dogs produces marked tachycardia 
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150 160 beats per minute. The removal the from the diet after 
days causes marked drop pulse rate values below 100 beats per minute, 
while still feeding thyroid gland. 

Vitamin injections into dogs who have had the veast removed from their 
diet will raise the pulse rate the previous hyperthyroid level within 
hours. Thus, the action excess thyroid gland producing 
dogs depends some manner adequate supply vitamin 

The rectal temperature the dogs increased when thyroid was fed, and 
slightly when the yeast was removed from the diet. increase rectal tem- 
perature was observed when vitamin was injected. 

The relation vitamin and yeast the cardiovascular changes and the 
liver function hyperthyroid patients 
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Reports the literature have indicated possible biological function 
vanadium. Henge (1) showed that vanadium forms per cent the 
respiratory pigment Ascidians and Phillips (2) and Webb (3) have noted its 
presence Holothurians and certain the respectively. Bernheim 
and Bernheim (4) observed that addition sodium meta vanadate rat 
guinea pig liver suspensions 6.7 increased oxygen uptake and indicated 
(5) that the substrate involved was phospholipid. Attempts predict the 
biologically essential elements the basis periodic system (6) atomic 
structure (7) have included vanadium. 

Vanadium has been reported widely distributed soils (8), plants (9), sea 
water (10), deep-sea deposits the red clay type (11), and number 
marine products appear differences opinion regarding its 
milk (13, 14, 15, Although (17) reported vanadium 
human milk, Dingle and Sheldon (18) were unable detect any trace this 
element either human cow’s milk. Bell (19) did not confirm the findings 
Drea (20) who observed the blood hens and chicks concentration 
vanadium exceeding the amount found their feed and suggested possible 
hematopoietic function. Keil and Nelson (21) were unable stimulate hemo- 
globin regeneration the rat the addition vanadium iron-supple- 
mented milk diet deficient copper. spectrographic analysis human 
tissue, Boyd and (22) found vanadium pancreas, kidney, liver, and pos- 
sibly spleen but not brain. Rusoff and Gaddum (23) were unable detect 
spectrographically the ash either newborn rats the stock feed given 
their mothers. 

EXPERIMENTAL. These experiments were designed for the purpose as- 
certaining the distribution vanadium biological materials and determine 
whether not might physiological significance. 

Among the materials analyzed for vanadium, eggs and milk were particular 
interest, because they represent the sole source nutrition for the developing 
chick embryo and suckling young. addition, materials commonly employed 
stock diets for laboratory animals and tissues from normal adult stock rats 
were analyzed. Samples muscle, blood, and combined viscera, each sample 
composite similar tissue from several animals, were studied. The ashing 
all materials preparatory spectrographic analysis was carried out the wet 
method. 


address: Food and Drug Administration Federal Security Agency, 
Washington, 
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The spectrograph used for these analyses was high dispersion, quartz, Littrow 
type. The was operated 220 volt line and current approxi- 
mately was used. Three types electrodes were emploved, 
ordinary graphite inch diameter which contained slight traces vanadium, 
the same after refluxing triple-distilled water according the 
method Bell (19) and specially purified, vanadium-free graphite inch 
diameter. For the purpose testing the sensitivity the spectrograph for 
vanadium, spectrograms were made standard solutions containing 100 
ppm. vanadium sodium meta vanadate. the preparation these 
standards the purity the sodium meta vanadate was determined chemically 
both the cupferron gravimetric and the KMnQ, volumetric methods. The 
purity the sample, found 92.28 per cent, was taken into account 


TABLE 


Mate analyzed for the presence vanadium 


MATERIAL VANADIUM MATERIAL* 

Ferric citrate.......... Rat muscle (from normal animals)........ 
Cod-liver oil........... Rat blood (from normal 


Materials after first drying Freas oven 110°C. were moistened with HNO; and 
heated silica dishes over Tirrell burner until white ash was obtained. 


making the solutions. The most sensitive lines 
3183.99 and 3185.406 were considered. 

RESULTS AND DISCUSSION. One microgram vanadium alone the electrode 
produced readily discernible spectrum lines; the detection 0.5 microgram 
under the same conditions was questionable. If, however, the vanadium solu- 
tions were added mgm. vanadium-free biological ash the electrode, 
little 0.02 microgram vanadium could quantitatively determined while 
amounts low 0.010 0.002 microgram ppm.) could detected. 

The results the spectrographic analyses are presented table All 
samples failed show any vanadium except CaCO; which indicated very slight 
trace this element. These findings, contrary numerous reports the 
literature regarding the rather wide distribution vanadium, bring point 
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which believe has been overlooked some investigators using spectro- 
graphic analysis biological material. 

our earliest experiments, followed the general practice using the 
less pure carbon electrodes known contain slight traces vanadium. that 
period spectroscopy, was considered permissible use these impure elec- 
trodes control spectrograms were made. Differences between the intensities 
vanadium lines produced the samples and the electrodes alone served 
means determining roughly the relative amounts vanadium the samples. 
this basis, vanadium was indicated considerable quantities all the 
materials tested, with the exception cod-liver oil and butter fat. Such 
method takes cognizance the enhancing effect various elements the 
test sample upon the vanadium contained impurity the electrodes. 

possible under these circumstances find enormously greater intensity 
the vanadium lines produced the sample than found the blank not- 
withstanding the absence vanadium the sample. Webb and Fearon (6) 
also experiencing this effect reported that twenty-two elements commonly 
occurring biological material, the enhancing phenomenon was most strongly 
marked vanadium, titanium, chromium, and molybdenum. Because this 
fact has not always been recognized, one inclined question the interpreta- 
tion many the reported spectrographic studies. the case eggs, for 
example, difficult believe, the light our experiments, that eggs 
general contain much vanadium Drea (20) has reported. Drea’s 
electrodes carried slight traces vanadium impurity the eggs which 
tested are not typical. Those analyzed this study, which detectable 
vanadium was found, were obtained from three widely different sources: from 
flocks the Beltsville Research Center, Beltsville, Maryland, market eggs 
purchased locally, and third sample from the experimental flocks the Uni- 
versity Missouri. The unusually high vanadium values which Bell (19) 
obtained for eggs, hen tissue, and feed cannot explained the basis con- 
taminated electrodes, since our own impure electrodes subjected his treatment 
purification gave the same results the special, commercially purified graph- 
ite. would have been interest had indicated the ingredients the 
chicken feed which conceivably might have carried excessive amounts 
vanadium. 

appears significant the present problem that the eggs secured from the 
breeding flock the Beltsville Research Center and shown there normal 
from the standpoint hatchability contained demonstrable amounts 
Such results would indicate that vanadium not required any 
significant quantities for the developing chick embryo. These findings, together 
with the fact that trace this element could detected the ration 
stock colony rats the tissues animals this diet, fail lend support 
the idea biological need for vanadium. vanadium functions such 
does amounts below parts per million ashed material. The 
present study does not exclude the possibility that vanadium may capable 

functioning place some other element, phosphorus for example, cases 
inadequate supply the latter. 
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SUMMARY 


Under the conditions used these experiments, was possible detect 
spectrographically little parts per million vanadium the ash 
biological materials. 

Spectrographic analyses biological materials not confirm previous re- 
ports that vanadium rather widely distributed. 

The data obtained the vanadium content normal rat tissues and egg 
indicate that vanadium, functions the normal nutrition the rat 
the developing chick embryo, must concentrations less than 
parts per million the inorganic content. 


The authors wish express their appreciation Dr. for his 
interest and suggestions during the course this study. 
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Hypophysectomy produces marked decrease serum albumin and in- 
crease serum globulin concentration the dog (1) and the rat The 
globulin increase appears referable the thyroid deficiency which follows 
pituitary removal because identical changes can produced the rat 
thyroidectomy, and administration desicated thyroid thyroxin hypo- 
physectomized dogs rats prevents the globulin increase. such experiments 
the serum albumin does not appear dependent the level thyroid 
activity. 

has been shown indirectly that the activity the adrenal cortex bears 
important relationship the maintenance the serum albumin level (2). 
Administration adrenocortical substances hypophysectomized rats 
large extent prevents the decrease serum albumin concentration. Stimula- 
tion the adrenal cortex the intact rat administration stilbestrol causes 
significant increase serum albumin concentration. 

Direct demonstration the effect adrenalectomy the rat was not success- 
ful because, well known, this species endowed with accessory cortical 
tissue sufficient amounts maintain life and bodily function for considerable 
periods. Therefore transferred our studies the cat, which the incidence 
accessory cortical tissue rather low, and studied the effect adrenalectomy 
and replacement therapy the serum protein levels. The results such ex- 
periments, presented this report, confirm the hypothesis that the maintenance 
the serum albumin concentration related adrenocortical function. 

EXPERIMENTAL. Methods. Cats were maintained the laboratory diet 
canned salmon, milk and occasionally fresh beef liver. After repeated ob- 
servations had established that the animals were good health, blood was 
drawn and the serum protein levels were determined. Adrenalectomy was then 
performed. post-operative interval least one week was allowed after the 
first adrenal was removed and, most cases, the serum protein levels were 
determined this stage. gland was then removed. few cases, 
treatment was given after removal the second gland until clinical symptoms 
cortical insufficiency were apparent and this time blood samples were ob- 
tained and the serum protein levels determined. Most the animals, however, 


Aided grant from the Rockefeller Foundation administered Dr. Smith. 
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were maintained administration desoxycorticosterone acetate 
adrenal cortical extract for varying intervals until post-operative re- 
covery was complete. Blood was then removed for analysis and the animal 
allowed pass into the state cortical insufficiency whereupon further blood 
analysis was obtained. number the animals were then restored health 
use the above mentioned cortical substances and the blood again analyzed. 
Thus, several instances, bloods from successive periods health and cortical 
insufficiency were obtained. should noted that case were data for 
maintenance restoration used unless the animal either before after showed 
the usual clinical and chemical insufficiency syndrome. 

Blood samples were obtained from the unanesthetized animals cardiac 
puncture. small portion each sample was heparinized and used for cell 
volume (hematocrit) determination. The remainder the blood was allowed 
clot and the serum separated and used for the determinations mentioned 
below. 

Serum protein and non-protein nitrogen levels were determined methods 
previously described (2). Serum sodium was determined the method 
Butler and Tuthill (3) and serum potassium the method Truszkowski and 
Zwemer (4). 

RESULTS AND now well known (5), adrenocortical insuf- 
ficiency associated with well defined changes the concentrations certain 
serum constituents. Sodium decreased, potassium increased, urea (or 
NPN) and there pronounced hemoconcentration which re- 
flected increase the values for hematocrit and total serum protein. 
the present experiments (table the usual changes blood chemistry 
well clinical condition were encountered when bilaterally adrenalectomized 
cats were allowed develop the insufficiency syndrome. analysis the 
serum for albumin and globulin, however, was found that every case the 
apparent increase total protein concentration was entirely due the effect 
the hemoconcentration the globulin fraction. every case cortical 
insufficiency, spite the increased hematocrit, the serum albumin concen- 
tration was found below the normal level, usually the latter. Such 
finding can only mean that during cortical insufficiency, the depletion 
serum albumin stores rapid that most cases not balanced the 
hemoconcentration. Because the concentration albumin falls while that 
the globulin increases, the albumin globulin ratio always abnormally low. 

the data for animals suffering insufficiency (table recalculated 
correct for the hemoconcentration found that the total circulating glob- 
ulin remains substantially the normal level (3.3 per cent loss) while the total 
serum albumin stores are depleted more than per the absence 


The desoxycorticosterone acetate was generously furnished Dr. Erwin Schwenk 
the Schering Corporation and Dr. Mautner Ciba Pharmaceutical Products, Inc. 

The adrenal cortical extract was generously supplied Dr. David Kline the Wilson 
Laboratories and Dr. Cartland the Upjohn Company. 
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plasma volume studies, such calculation based the assumption that the 
hemoconcentration entirely due loss water from the plasma. 
likely, there also coincident decrease the volume blood cells, then the 
albumin depletion actually greater than the per cent mentioned above. 
restoration such animals apparent health during maintenance after 


bilateral adrenalectomy the blood chemistry essentially normal. 
are shown table 


If, 


Such data 
The electrolyte and NPN concentrations are within 


the normal range while the hematocrit value considerably below normal. 


TABLE 


Serum constituents cals before, during and after restoration from adrenocortical insufficiency 


insufficiency 5-12 Days 
Cell volume %................| 32.740.8 42.341.6 29.241.4 
Globulin 
Values are for mean deviation the mean calculated 
n(n 


tive maintenance; after cessation treatment which restored animal from previous 
period insufficiency. 

after days post-adrenalectomy maintenance; after restoration from 
ciency days treatment with desoxycorticosterone acetate adrenal cortical 
extract. 

A/G ratios are the means individual values rather than ratios mean albumin 
mean globulin. 


The latter result quite regular feature during DCA therapy and interpreted 
being due hemodilution, possibly result excessive doses DCA. 
The somewhat low total protein and globulin concentrations are accordance 
with the hemodilution. spite the hemodilution may seen that the 
albumin concentration increased compared the values found during 
insufficiency. These changes are reflected the considerable rise the A/G 
ratio toward the normal value. this case, above, assumed that 
hematocrit change entirely due plasma volume change without alteration 
total volume blood cells, may that the corrected value for 
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the albumin 4.75 instead 3.45 per cent while that for the globulin 4.71 
instead 3.43 per cent. 

illustrate the changes occurring single animal condensed protocol 
presented table the absence blood volume studies, necessary 
interpret the data this protocol with due regard for the hemodilution resulting 
each time the animal was restored from insufficiency. Thus, February 
after removal the second adrenal, maintenance with DCA was dis- 
continued. Twelve days later, February 20, the animal showed definite 
indications insufficiency. Hematocrit and NPN values were increased and 


Left ad. removed 1/17; mgm. 
DCA daily, appetite good 

Last DCA given 2/8; takes milk 
but food last days 

DCA started 2/20; 5-10 mgm. 

daily, appetite good 

3/12 5.65 1.17 DCA continued; 4-5 mgm. daily, 

appetite good 

3/26 7.03 Last DCA given 3/14: takes 

milk but food last days 

4/24 4.65 149.2) 1.15 DCA started 4/1; mgm. daily, 

appetite good 

5/7 7.24 135.5) 0.94 Last DCA 4/26; takes little milk 

and food last days 


TABLE 
Cat 25. Serum changes during adrenocortical and DCA restoration 
< = > < Pis | 
per q| = per | per | per 
1940 kgm cent | per cent | cent | cent 
cent 
9/16 6.35 150.7) 1.72 Normal, treatment 
12/18 6.87 1.40 Rt. adrenal removed 10/31 
1941 


or 

—] 


sodium was low. Total protein was increased but this was entirely due the 
globulin increase. The albumin value was identical with that found during 
maintenance health with DCA. This means that serum albumin actually 
decreased but was compensated the hemoconcentration. The A/G ratio, 
expected, was considerably below the normal value for this animal. Exactly 
the same situations are seen the two subsequent periods insufficiency 
March and May 

The effects restoration from insufficiency injection DCA are shown 
the data for March and for April each instance the serum sodium, po- 
tassium and NPN were restored the normal levels. The hematocrit value 
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was reduced, indicating marked hemodilution which was reflected the 
decrease total protein (and globulin) concentration. the case this cat, 
the albumin also fell slightly during these two periods restoration but this 
obviously due the marked hemodilution. Although the hematocrit value 
decreased almost half the value observed during insufficiency, indicating 
increase plasma volume two and one-half times its former value, the al- 
bumin concentration decreased very small amount (12 and per cent). 
The reciprocal nature the changes albumin and globulin concentrations 
definitely shown the marked increase A/G ratio during each restoration. 

some interest that after removal the first adrenal gland, the albumin 
concentration fell while that globulin increased fashion similar that 
observed during insufficiency (table 2). This phenomenon was frequently seen 
even though such times the cats appeared excellent health. 
several instances which additional blood samples were taken before removal 
the second gland, was found that there was gradual return the protein 
concentrations toward the preoperative levels. have interpreted this 
mean that removal the first adrenal the animal was temporarily thrown 
into mild subclinical hypocortical state and that sufficient time were allowed 
for hypertrophy the remaining gland, gradual return entirely normal 
state resulted. 

will noted (table that during each period insufficiency cat lost 
from per cent its body weight. large proportion this weight loss 
probably due dehydration. Another portion probably result de- 
creased food intake during the last days the acute insufficiency. 
though have shown (2) that the rat inanition for long weeks has 
but slight effect the blood protein picture, was thought advisable check 
this point the cat. For this purpose two cats were completely starved, each 
for two periods. The duration starvation ranged from days. The 
data obtained after complete starvation given table There was 
case any noteworthy change either albumin globulin concentration 
A/G ratio. The only change noted was slight decrease serum sodium 
concentration after thé longer periods inanition. may interest 
note that both adrenals had been removed from each these animals prior 
the starvation experiments. Because insufficiency did not develop was 
assumed that accessory cortical tissue was present. Such accessory was 
later removed from the region the spermatic artery one these cats with 
the prompt appearance insufficiency symptoms. 

Weech (6) has adequately demonstrated the importance protein depriva- 
tion with regard maintenance the serum albumin concentration. ap- 
pears, however, that the periods inanition reported here were too short 
show the effects noted Weech. Because the inanition during the periods 
complete starvation was much more severe than that suffered the animals 
during insufficiency, becomes evident that during the latter state the changes 
serum albumin concentration are due deranged metabolism rather than 
simple inanition. 


less 
glob 


| 

insu 
bloo 
falls 
tena 
whil 
cord 
bod: 
ami 
seru 
tena 
pap 
rem 
adre 
spit 
the 
cort 


ADRENALS AND SERUM PROTEIN LEVELS CAT 781 


the cat, the rat, serum globulin metabolism appears independent 
the level adrenocortical activity and apparently proceeds normally even 
during rather severe insufficiency. The total globulin stores remain more 
less constant although hemoconcentration causes proportional increase the 
globulin concentration which entirely accounts for the frequently reported rise 
total protein level. 

Albumin replacement appears considerably impaired during adrenal 
insufficiency evidenced the considerable loss this substance from the 
blood. This loss such magnitude that not balanced the hemo- 
concentration with the result that the concentration the albumin usually 
falls spite the increasing hematocrit. These findings are, therefore, 
good agreement with our earlier work (2) which indicated that the rat main- 
tenance normal globulin level related the degree thyroid activity 
while serum albumin replacement dependent adrenocortical function. 

The findings reported here are also accord with the present knowledge 
concerning the effect the adrenal cortex general protein metabolism. Ac- 
cording Long (7, the action the cortical hormones favors catabolism 
body protein amino acids and conversion portion these carbohydrate. 
not inconsistent with this theory that another portion such newly formed 
amino acids may used the synthesis vitally important proteins such 
serum albumin. 

well known that the serum albumin major importance the main- 
tenance the osmotic relationships the blood and therefore the blood 
volume. Equally widely accepted the concept control blood volume 
the hormonal influences the adrenal cortex. The concept offered this 
paper appears provide missing link relating these two facts although 
remains for further investigation show whether blood volume change pre- 
cedes albumin change vice versa. 


The authors wish acknowledge the important technical assistance Mrs. 
Elizabeth Wolfe. 


SUMMARY 


The well known increase the concentration total protein the serum 
adrenalectomized cats entirely due increase the globulin 
spite the pronounced hemoconcentration, the serum albumin concentration 
decreases remains the normal level, indicating marked loss albumin from 
the circulatory system. 

Restoration cats from adrenal insufficiency health means desoxy- 
corticosterone acetate adrenal cortical extract produces hemodilution and 
corresponding decrease the levels serum globulin and total protein but the 
serum albumin concentration increases. 

Because albumin and globulin change opposite directions, the 
A/G ratio falls markedly during insufficiency and increases when replacement 
therapy administered. 
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From these findings and from previous results obtained from rats, con- 
cluded that these species the adrenal cortex exercises positive control over 
the metabolism serum albumin but not serum globulin. 
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EXCITATION AND INHIBITION INDICATED AND 
MEASURED RESPIRATION! 
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While correct conditioned differentiation obviously dependent correct 
discrimination, this problem not concerned with fine discriminations the 
analysers used, but rather with the finesse the reflex. Correct conditioned 
differentiation then signifies that either reflex, positive negative, must 
correct irrespective any order sequence the two tests any time interval 
between the tests, which varied from the usual duration about minutes 
second interval. 

Flexion the right foreleg was chosen for the motor response, using modifi- 
cation Beritoff’s procedure. should, however, emphatically stated that 
reinforcement was never used except for punishment errors. developing 
the positive conditioned reflex rewarded the correct responses and punished 
the errors. For positive conditioned reflex correct the dog must flex 
the foreleg within seconds, which would break switch and prevent 
electric shock the same foreleg. obtain correct conditioned differentiation 
varied somewhat the technique Pavlov and Beritoff. Instead rewarding 
punishing only the positive conditioned tests, punished the errors for 
positive test shock and the errors for negative test whipping scolding 
depending the temperament the dog. Under this procedure positive 
conditioned reflex ordinarily became well established within trials, sometimes 
appearing the second trial and when once acquired rarely had rein- 
forced unconditioned stimulus. The time which correct conditioned 
differentiation was obtained varied considerably—differing dogs, the close- 
ness discrimination required and for the analyser used. well-known that 
dogs not use optic sense the extent that they use olfaction and hearing, 
hence the difficulties noted later for this analyser correct conditioned 
differentiation. 

Effect positive and negative conditioned reflexes cerebral potentials. This, 
the first method utilized, consisted taking simultaneous oscillograph records 
from the surface the brain (motor foreleg center, more median area VI? 
the prefrontal area) and from the foreleg musculature the time positive 
negative conditioned foreleg reflex. The brain electrode, home made 
instrument, was previously implanted and firmly fastened the skull. Some 
records taken 12, 24, 36, and hours after implantation the electrode, 
revealed suggestive changes the Berger waves, but since similar changes also 
during the intervals between tests this procedure was replaced 
another. 


Aided grant from the John and Mary Markle Foundation. 
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RESPIRATORY MEASUREMENT IRRADIATED CEREBRAL EXCITATION AND 
INHIBITION DURING CONDITIONED DIFFERENTIAL TESTS. This mode approach 
was suggested (1929 and 1936) the with which olfactory, trigeminal 
and vagal subcortical reflexes could analyzed respiration and the ease 
with which cortical dominance would alter them. The method consists 
taking kymograph tracings thoracic respiration the time recording posi- 
tive and negative conditioned reflexes. Attention called the fact that the 
signal for introducing conditioned test not always perfectly timed there 
may some variation the receipt the stimulus. This especially true for 
the general cutaneous and olfactory analysers. addition the controls 
described for earlier work, respiratory tracings were recorded before conditioning, 
that the characteristics subcortical reflex for any analyser are well known. 
All tests were made before feeding and the room temperature was maintained 
approximately the same. Careful notes were taken the animal’s behavior 
during the tests. 

Some advantages this method are that the respiratory records show: 
the exact time appearance and disappearance the irradiated excitation and 
inhibition the motor cortex (respiratory area); the manner their appear- 
ance and disappearance; their relative strengths. addition one can always 
see the drum what taking place and can select time for stimulating, when 
the animal quiet and breathing normally. Most important, however, the 
extreme sensitivity the cortical respiratory area the irradiated excitation 
and inhibition which accompany conditioned reflex. Ordinarily there 
difficulty interpreting thoracic respiratory tracing excitability in- 
hibition. occasional record, however, considered itself, might con- 
fusing. not assumed that irradiated excitation inhibition the same 
throughout the entire motor cortex that might not vary different areas 
with different tests. also evident that excitatory and inhibitory changes 
are taking place occasionally between tests from anticipation, external in- 
ternal stimuli. Usually under the conditions our experiments respiration will 
continue regularily most dogs for long intervals time. 

Auditory analysers. The tapping bell and board once per second for 
second interval served positive and negative stimuli for the first conditioned 
differential foreleg tests with this analyser. For descriptive purposes liberal 
use made data gathered from active, easily inhibited shepherd dog 
Before conditioning was attempted for this dog, the first sound the bell elicited 
slight depression the first two respiratory excursions, due possibly the 
dog’s coming attention. Later tests, third bell and second board (fig. 
and showed little change respiration. 

sometimes happens auditory and olfactory conditioned differential tests 
that the first negative conditioned test correct. has been matter 
speculation whether this absence response signifies that the antagonistic 
stimuli (bell versus board and cloves versus asafetida) are widely separated 
tone and odor that the first trial the negative stimulus failed elicit 
cerebral activity whether the dissimilar negative stimulus furnished the re- 
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quired inhibition for the correct reflex. possible answer this question 
found the respiratory tracing the first negative test (fig. which shows 
inhibition both amplitude and rate. 

Records figure were taken from dog after correct auditory con- 
ditioned differentiation was well-established. Record shows correct positive 


Fig. Top respiratory tracing, upstroke inhalation; time 
seconds; conditioned reflex, upstroke beginning test and downstroke response 
end (positive foreleg response indicated and negative 0). sound tests 
dog (Bell positive and Board negative). and before conditioning; first 
negative test; after conditioning; negative and positive tests alternated quick 
succession. sound tests slow bell, positive and fast bell, negative); 
negative and positive tests changed quick succession (dog 5); small portion nega- 
tive test (easily inhibited dog 3), space represents second interval. 


conditioned response the foreleg the bell within second and acceleration 
respiration accompanied expansion the thorax; while record portrays 
correct negative conditioned reflex the foreleg together with marked in- 
hibition respiration (decrease height and rate excursions) during 
second interval tapping board. both instances respiration was normal 
first and returned normal within after completing the test. 
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figure note the rebound (positive induction) the termination the wave 
incorrect spread cortical inhibition, since demonstrates that failure the 
auditory conditioned foreleg response accompanied inhibition respira- 
tion. Dog very few errors with his negative auditory tests and 
respiratory tracings are 

After correct differentiation had been established for dog the period 
inhibition negative test continued for longer than seconds. 
The period excitation was usually much shorter, often only few seconds’ 
duration. Both appeared and disappeared abruptly. 

Dog very excitable animal the fox terrier variety, produced respiratory 
tracings very similar those dog during the auditory conditioned tests. 
addition the above mentioned tests for dog several long series alternate 
positive and negative conditioned tests, including respiratory tracings, were 
made within intervals seconds determine the excitatory in- 
hibitory state from the previous conditioned reflex produced any pronounced 
effect the following test. representative series (fig. demonstrates that 
the cortical effects the foreleg and respiratory musculature were practically 
instantaneous and that the conditioned stimulus, positive negative, was very 
effective presumably excited inhibited motor cortical area, not only for 
one, but for great many auditory conditioned reflexes. 

Dog bright, but very easily inhibited animal,? was especial interest 
account second interval pronounced inhibition respiration (iden- 
tical the partial record figure I), which accompanied correct negative 
auditory conditioned test. The wave appeared within seconds after the 
test started and continued for seconds after the test ended. The in- 
correct negative conditioned tests for this dog were also interest that 
demonstrated excitation respiration during the first few seconds the test 
the form increased height the excursions, which changed the later 
seconds the, test marked and long continued period inhibition was 
characteristic the correct negative conditioned tests. 

Dog springer spaniel and dog mongrel, both bright, active, and possess- 
ing well balanced cortical activity (neutral type Pavlov) disclosed slight 
inhibition respiration during their correct negative tests with the board 
(fig. the other hand, significant that positive foreleg responses 
the bell and all incorrect negative responses the board (fig. ordinarily 
were accompanied considerable excitation respiration. for the control 
respiratory tests for the bell and board before conditioning, all but the first 


this dog for becoming unmanageable during the tests with the positive conditioned reflex 
for cloves, test used for determining the dog’s fitness for conditioned differentiation. 
Afterward required over tests, spread over days, evoke conditioned foreleg re- 
sponse. The behaved like balky horse, hung loose harness, made attempt 
the tests and took shock after shock without whimper for failure flex fore- 
leg. afterward learned that this dog was easily inhibited that the word 


furnished the required inhibition suppress the foreleg response developing the negative 
conditioned reflex. 
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(the majority which showed inhibition and few excitations) revealed un- 
changed respiration during following the sound stimulations. 


Fig. Top respiratory tracing, time seconds, conditioned 
responses (indicated or0). and negative sound tests (dog olfactory tests 
(Cl cloves, positive and Asa asafetida, negative) dogs and before conditioning; 
and general cutaneous tests, dog with grain hair, positive and against 
general cutaneous tests slow brush movement, positive and fast, negative) after 
differentiation; and from dog and dog dog negative and positive tests 
alternated within few seconds. 


Respiratory tracings were recorded from our test dogs for second 
auditory conditioned differential test based rate the same sound. bell 
tapped once per second and three times per second served for positive and nega- 
tive conditioned tests. 
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After conditioned differentiation was established for the neutral dog record 
(fig. discloses the ability this dog respond correctly positive con- 
ditioned reflex bell per sec.) immediately after having responded correctly 
for the negative test bells per sec.). will seen that respiration was 
changed from slight inhibition the first test marked excitation the second. 

The respiratory tracings from the easily inhibited dog were also interest 
the second series auditory conditioned tests account the marked in- 
hibition that occurred the negative tests. This started seconds and 
continued for seconds after the test ended. portion one these 
tracings recorded fast moving drum (fig. reveals marked inhibition 
respiration starting rather abruptly after seconds the test had elapsed and 
abrupt return normal. The break represents second interval, the 
first seconds which were included the respiratory tracing during 
incorrect negative conditioned test frequently shows brief interval higher 
excursions, followed too late period marked inhibition. Obviously the 
fast breathing this dog was not favorable for further acceleration during 
positive test, but its depth was generally increased. 

Olfactory previous studies, clove vapor was used for positive 
conditioning and asafetida for negative. well known that insufflation 
inhalation purely olfactory stimulating vapors produce, subcortically, in- 
stantaneous and pronounced inhibition respiration (fig. and 1929 paper 
fig. E). One excitable dog and two the neutral type were used with this 
analyser. Since all tracings used the text are from the neutral dogs they will 
exhibit less alteration respiration. 

Thoracic respiratory tracings recorded from dog during the early tests for 
development correct conditioned differentiation when positive responses 
the foreleg were common for asafetida, demonstrate very similar tracings for both 
vapors (fig. and E). These tracings disclose marked excitation, consisting 
immediate expansion the thorax starting the exhaling phase and 
followed stronger accelerated excursions. After the tests respiration rapidly 
approached normal. When correct conditioned differentiation was established, 
the correct positive reflex tests (fig. ordinarily showed less amount 
excitability than before; while the respiratory tracings recorded during correct 
negative conditioned reflex test (fig. revealed slight, but usually some in- 
hibition. was characteristic this and other dogs after taking whiff 
vapor turn head opposite direction. This movement accompanied 
extra respiratory excursion Olfactory conditioned differentia- 
tion became perfect with this dog that incorrect positive negative con- 
ditioned reflexes were recorded. 

Dog like dog had perfectly balanced cerebral cortex, and the respiratory 
tracings recorded during incorrect positive and correct negative olfactory con- 
ditioned tests (fig. and exhibit little inhibition. These tracings 
are every way comparable similar records taken from this dog with the 
auditory analyser. Movements the head body during negative reflex 
test elicit slight excitation respiration and previous figure). These 
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effects respiration are seldom comparable the more pronounced excitation 
which accompanies incorrect negative and correct positive conditioned 
reflex (fig. and K). 

After correct olfactory conditioned differentiation was well-established for 
the excitable dog the respiratory tracings recorded during correct positive and 
incorrect negative conditioned reflex tests revealed marked excitability and the 
correct negative and incorrect positive conditioned tests disclosed fully much 
inhibition respiration was exhibited the previous auditory conditioned 
tests for this dog. 

General cutaneous analyser. Two different types conditioned differentiation 
were used for this analyser. Consisted stroking the hair the back with 
handbrush once per second with the grain for the positive reflex (indicated 
the records) and against the grain once per second for the negative reflex 
(A, Consisted stroking the back once per second with the 
grain for the previous positive test (S, records) and strokes per second 
with the grain for the negative reflex (F, records). should noted that 
the stimuli used elicit the negative conditioned reflexes were those which pre- 
sumably would evoke more excitability respiration subcortically than the 
stimuli used for the positive reflexes. One excitable and two neutral dogs were 
used for these tests. All tracings but the last were recorded from the excitable 
fox terrier 

Respiratory tracings recorded before conditioning during many control tests 
with the positive and negative general cutaneous stimuli demonstrated con- 
siderable variation effect upon respiration. The first and second application 
the positive stimulus dog evoked inhibition, the third and fourth, excita- 
tion; while the fifth positive and the first negative stimulus (fig. and 
produced slight depression. During the early stages the differential tests, 
when errors were common for both tests, the positive foreleg responses were 
accompanied considerable excitation respiration; while the absence 
foreleg other movement during either test disclosed marked inhibition 
respiration. After differentiation was established the respiratory tracings 
recorded during positive and negative conditioned tests (fig. and 
still revealed excitation inhibition. Occasionally the time the first 
application the brush some body movement, the negative conditioned 
tracings would show brief interval excitation respiration. This change 
respiration was rarely comparable the change which accompanied condi- 
tioned foreleg response. The respiratory tracings accompanying all incorrect 
negative conditioned tests revealed excitation There were practically 
errors for the positive conditioned tests. 

The tracings for the excitable dog are also fairly representative for the two 
dogs the neutral type, except that they show every little inhibition during 
correct negative conditioned test. 

the second method used for obtaining general cutaneous differentiation 
where slow stroke the brush indicated positive conditioned reflex and 
fast stroke, negative reflex, all correct positive and negative conditioned reflex 
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tests (fig. and were ordinarily accompanied excitation and inhibi- 
tion respiration with the excitable dog noted for the previous differential 
method there were brief intervals slight excitation respiration approxi- 
mating the first touch the brush during some correct negative conditioned 
tests. 

The two dogs the neutral type revealed little inhibition respiration 
during the correct negative conditioned tests, but inhibition was always present 
some tracings. the other hand, the few incorrect negative conditioned 
reflex tests (fig. always showed some excitation respiration. 

Record (fig. demonstrates how rapidly dog could make correct change 
from one reflex the other. little second interval after correct 
negative conditioned reflex, showed the previous irradiated wave 
inhibition the following positive conditioned reflex. The respiratory tracing 
discloses considerable excitation during the positive tests and little none during 
the negative tests. 

comparison the respiratory tracings recorded during the conditioned 
reflex tests both methods obtaining general cutaneous differentiation with 
similar tracings the auditory and olfactory analysers after conditioned differ- 
entiation had been acquired, discloses similar but less alteration respiration. 

Optic analyser. All tests were made flashing diffused light painted 
wooden screens (10 in.) placed during darkness black box front and 
one side the dog, the dog being fastened that must all times look 
the screen. The light was turned from the adjacent room when animal 
was quiet and breathing normally. The positive conditioned test lasted for 
seconds and the negative from 15, depending the time the appearance 
the positive foreleg responses. All tests were preceded interval 
absolute darkness, during which the screens were changed. 

Three different conditioned differential tests were used for this analyser. 
White and black screens were used for the positive and negative tests and 
white screen served for the positive and negative conditioned reflexes and 
tracings). white circle and cross black backgrounds served for posi- 
tive and negative conditioned reflexes (Cir and tracings). 

Control records the effects these optic tests respiration before condi- 
tioning revealed change except during few the first tests. 

the dogs used the white (positive) and black (negative) conditioned 
reflex tests the two neutral dogs and learned differentiate fairly well, but 
the excitable dog was extremely variable. Throughout these tests the dogs 
demonstrated their mental difficulties follows: During correct negative 
conditioned test with black, the neutral dog would frequently flex the opposite 
foreleg and make other body movements. The excitable dog dog developed 
series very weak pulls, which might might not sum break 
the switch within the time the test. 

Respiratory tracings recorded during correct positive incorrect negative 
conditioned tests for the neutral dog (fig. and disclose about the same 
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amount excitation was demonstrated for the previous 
wise correct negative conditioned reflex test (fig. reveals but slight in- 
hibition change respiration. The respiratory changes for the other 
neutral dog were similar dog The excitable dog when differentiating 
correctly, demonstrated marked inhibition respiration during his correct 
negative conditioned tests. Record (fig. shows the ability 
this dog make correct negative and positive conditioned reflexes black and 


Fig. Top respiratory tracing, time seconds, conditioned re- 
circle, positive and cross, negative); from dog and dog 


white, together with the corresponding changes respiration, when the intervals 
between these two tests are only few seconds apart. 

for the constant light and flicker conditioned differential tests, the excitable 
dog and the neutral dog acquired differentiation considerable degree 
accuracy. typical respiratory tracing from dog recorded during correct 
positive conditioned test (fig. shows excitability respiration, while 
similar record from the excitable dog during correct negative flicker test 
(fig. discloses the marked inhibition respiration that was characteristic 
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the dog for other analysers. should noted for dog that some the 
respiratory tracings recorded during correct positive conditioned reflex tests, 
which the foreleg response was late appearing, revealed short interval 
inhibition the beginning the test, which soon changed excitation. 
may added that the respiratory record obtained during correct negative 
conditioned reflex test from dog revealed slight inhibition. 

The other neutral dog never acquired the ability correctly differentiate 
conditionally between constant light and flicker. would respond cor- 
rectly either series, but with abrupt change, errors were the rule. 
After 700 tests, preponderance positive tests over negative tests resulted 
nearly all tests going positive, and with the reverse all would 
especial interest note that during this dog’s confusion, the foreleg re- 
sponse became altered from quick upward jerk slow sidewise movement 
that required seconds break the switch. This type pull persisted for 
all responses, correct incorrect. The respiratory tracings were identical for 
all tests, the excursions disclosing marked depression and acceleration (fig. G). 
this tracing the negative and positive tests were given quick succession 
and happened correct. depression the excursions was usually much 
more pronounced the single tests than was this combination. 

None the three dogs used with the circle for positive and the cross for nega- 
tive conditioned tests could said differentiate correctly conditionally. 
The neutral dog made the best record. Out total 1168 tests 377 positive 
tests were correct and 117 incorrect and for the negative tests 382 were correct 
and 292 were incorrect. With the other analysers, this dog would average 
better than per cent correct. 

The neutral dog never became excitable during these tests and all respiratory 
tracings were true form K). these records the correct positives 
and incorrect negative tests showed excitation respiration, while the correct 
negatives and incorrect positives exhibited slight inhibition. During 
correct negative conditioned reflex test there was often flexion the opposite 
foreleg. 

During the first 300 tests with the circle and cross the neutral dog behaved 
very much did with the previous differential tests. foreleg 
responses consisted the same very slow sideward pull and the respiratory 
tracings (fig. demonstrated pronounced depression and some acceleration. 
From this time on, the dog went off his differential tests 
were either positive negative, depending which predominated. the 
positive tests were more numerous the dog became generally excited, frequently 
flexing his foreleg between these tests the respiratory tracings por- 
excitability and the deliberate foreleg flexion the earlier tests changed 
quick pull. With predominance negative tests, the animal was quiet 
and respiration generally showed slight inhibition change during test. 
After completing tests and showing sign differentiation with the 
circle and cross, this dog was always able differentiate correctly with the fore- 
leg and respiration during positive and negative auditory conditioned tests. 
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The excitable dog became hopelessly confused with the circle and cross 
conditioned differential tests and became fully neurotic 
nikova’s dog did with the elliptical tests, often terminating experiment 
with spasm. Upon completing day’s tests, this dog was unable respond 
correctly positive and negative auditory conditioned tests. 

Discussion. The presence excitatory and inhibitory cerebral areas well 
known from the investigations Adrian, Dusser Barenne al., Rioch and 
Rosenblueth, Tower, McCulloch, Walker and others. 

Particular attention called to: Ability these dogs respond correctly 
long series quick alternate changes from negative positive conditioned 
tests and the reverse when respiration was state inhibition excitation 
from the previous test. The respiratory changes during the process 
taining correct olfactory conditioned differentiation—where the unconditioned 
inhibitory reflex was changed excitation during correct positive conditioned 
test and finally one excitation inhibition during correct positive 
negative differential test. Significance that was attached first auditory 
and other first negative conditioned tests being correct and showing inhibition 
respiration. Alterations the characteristic conditioned foreleg response 
and corresponding respiratory changes which resulted from the inability the 
dogs differentiate perfectly with the optic analyser. 

The fact that inhibition respiration often absent during many correct 
negative conditioned tests with the neutral type dog may construed 
mean absence irradiated suppression the respiratory center. the other 
hand, since inhibition respiration occurs during some correct negative condi- 
tioned reflex tests with the neutral dog and excitation respiration usually 
accompanies incorrect negative conditioned reflex, the question might 
asked—is there not some irradiated inhibition some form suppression 
present the respiratory cortex well the foreleg cortex keep respira- 
tion unchanged during correct negative conditioned test? 

This study not only supports Pavlov’s deductions that cortical excitation and 
inhibition are most important the formation positive and negative condi- 
tioned reflexes, but they are also essential for obtaining and maintaining correct 
conditioned differentiation. The immediate appearance and short duration 
the irradiated excitation inhibition respiration during correct positive 
negative conditioned reflex test favorable Beritoff’s contention that the 
excitation associated with conditioned reflex originates from direct focus and 
lasts only long the excitation lasts. The instantaneous inhibition our 
conditioned differential tests not comparable the slow and prolonged in- 
hibition reported Petrova and others. 

The correct irradiated excitation and inhibition accompanying our correct 
conditioned differential tests suggests the presence groups asso- 
ciation cells cerebrum, switchmen, which may suppress the motor cortex 
impulses going until decision reached from previous experiences and 
failures with the stimuli used the tests (associated memory) and then there 
are released impulses which may fire suppress motor activity. 
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After conditioned differentiation was perfectly established our precedure 
there was apparently more than temporary connection from the analyser 
center the association cells the motor cortex. These connections functioned 
perfectly and with undiminished strength after being unused these reflexes 
for months. 


SUMMARY AND CONCLUSIONS 


Control tests before conditioning produced subcortically from olfactory stim- 
ulation—inhibition respiration; from general cutaneous stimulation—either 
inhibition excitation; from auditory optic stimulation—no change except 
for the first few tests. 

Thoracic respiration showed the following changes after conditioned differ- 
entiation had been established with auditory, olfactory, general cutaneous and 
optic analysers: correct positive incorrect negative conditioned test 
demonstrated excitation all dogs. correct negative incorrect positive 
conditioned test exhibited marked inhibition with the excitable easily in- 
hibited dog, while the evenly balanced neutral dog disclosed slight 
inhibition. 

series alternate negative and positive conditioned foreleg reflexes and 
their corresponding changes respiration may occur correctly when the tests 
are only few seconds apart and when respiration (motor area) still state 
inhibition excitation from the previous test. 

possible contest for supremacy suggested the presence waves 
excitation and inhibition, correct and incorrect, the respiratory records 
some the dogs which had difficulty responding correctly the differential 
tests. 

Two more responses the foreleg during positive conditioned test 
were usually accompanied separate waves excitation respiration in- 
tensifications the common wave. Termination the inhibitory excitatory 
effect respiration was often followed rebound. Likewise the excitable 
dog upon finishing correct negative test frequently flexed his foreleg. 

There are apparently kinds instantaneous cerebral excitation and in- 
hibition (suppression). direct lower areas; incorrect; correct. 

The selection respiration the mechanism for indicating and measuring 
the irradiated cerebral excitation and inhibition accompanying the positive and 
negative foreleg reflexes utilized correct conditioned differentiation appears 
well justified the results this study. apparent for dogs that this 
high order excitation and suppression takes priority over all others. 
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